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0© (57) Abstract: The present invention provides methods of detecting and/or characterizing the viral vector particle content of a 



medium. A medium is provided and contacted with an excitation energy such that, if a viral vector particle is in the medium, an 
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^| electron associated with the intrinsically fluorogenic portion of the viral vector particle will be raised to an excited energy state. The 
— ^ excited electron is permitted to emit radiation having an emission wavelength which is detected. The viral vector particle content of 
? the medium then can be evaluated by comparing the detected emission wavelength with a standard signal. For example, the number 
of viral vector particles in a medium can be quantified by comparing the detected wavelength and its corresponding intensity to a 
standard signal. Similar methods for evaluating the adenoviral vector particle content of a medium and the intrinsically fluorogenic 
adenoviral structural protein content of a medium are provided. The invention further provides related methods for evaluating the 
structurally modified viral vector particle content of a medium and evaluating viral vector particle interactions in a medium. 
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FLUORESCENCE DETECTION 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention pertains to the detection and characterization of viral vector 

particles, particularly through the use of fluorescence. 

BACKGROUND OF THE INVENTION 
[0002] Viral vectors are of significant importance in several aspects of molecular 

biology and medicine. Numerous types of viral vectors have been developed for use as 
gene delivery vehicles. Examples of such viral vectors include vectors based on adenovirus 
(Ad), adeno-associated virus (AAV), baculovirus, herpes simplex virus (HSV), and murine 
leukemia virus (MLV). Compared to other gene delivery vehicles (e.g., naked DNA 
vectors), viral vectors offer several advantages, including higher rates of delivery and better 
targeting of specific tissues and/or cells. With the increased use of viral vectors for 
therapeutic, as well as diagnostic, applications, there is an increasing need for better 
methods for quantification and characterization of viral vector particles. 
[0003] Several techniques are known for the characterization and/or quantification 

of viral vector particles, including chromatographic methods and mass spectrometry (see, 
e.g., International Patent Application WO 99/54441, International Patent Application 
WO 00/40702, and U.S. Patent 5,965,358). Presently, the quantification of viral vector 
particles is most commonly carried out by the use of ultraviolet (UV) radiation. For 
example, U.S. Patent 5,837,520 discloses monitoring the absorbance of a chromatographic 
eluting of viral particles at a selected UV wavelength and comparing the absorbance value 
to a standard curve which relates absorbance to the number of viral vector particles. 
Ultraviolet absorbance is limited in its sensitivity and requires a large number of viral 
particles (typically about 5 x 10 9 particles/ml) for accurate detection (where the standard 
deviation in measurement is about 10% or less). Due to the large number of viral particles 
required for accurate quantification, ultraviolet absorbance is not useful in applications 
requiring small populations of viral particles, such as viral vector-based gene therapies 
where high quantities of viral vector particles can be undesirable. 

[0004] Fluorescence-based detection and quantification of viral particles associated 

with fluorogenic dyes such as fluorescein isothiocynate (FITC) is known in the art. For 
example, Hara et al., Applied and Environmental Microbiology, 57(9), 2731-34 (1991), 
describes the use of epifluorescent microscopy on DAPI (4',6'-diamidino-2-phenylindole)- 
treated water samples to determine numbers of bacteria, viruses, and DNA-associated 
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particles. More recently, Hennes and Suttle, Limnol Oceanogr., 10(6), 1050-55 (1995), 
describes similar research using the cyanine-based dye, Yo-Pro-L 

[0005] immunofluorescence, which combines antibody-antigen binding and 

fluorophore-associated fluorescence detection (see, e.g., Tanaka et al., «/. Hepatology, 23, 
742-45 (1995)), also has been used to detect and/or characterize viruses. For example, 
D'alessio et al., Applied Microbiology, 20(2), 233-39 (1970), discloses the use of 
fluorescein-based immunofluorescence techniques to detect influenza viruses, herpes 
simplex virus, and adenoviruses. More recently, Orito et al., Gut, 39, 876-880 (1996), 
described the use of a fluorescent enzyme immunoassay (FEIA) to quantify hepatitis C virus 
core protein levels in patients, and Wood et al., J. Medical Virol., 51, 198-201 (1997), 
describes the use of FITC-based immunofluorescence to identify and type adenovirus 
isolates. Enzymatic techniques associated with fluoro genie dyes also are capable of 
detecting nucleic acids (see, e.g., U.S. Patent 5,830,666). 

[0006] The Green Fluorescent Protein (GFP), obtained from the jellyfish Aequorea 

victoria (see, e.g., Prasher et al., Gene, 111, 229-33 (1992)), which is intrinsically 
fluorogenic, has been used to characterize viruses by causing viruses to express GFP. For 
example, International Patent Application WO 00/08182 describes preparations of herpes 
virus expressing GFP fusion proteins to detect the progress of cell infection by the virus and 
to screen for neutralizing antibodies or inhibitors of infection. International Patent 
Application WO 99/54348 discloses the use of vectors transfected with short-lived GFP 
variants to assay activation or deactivation of promoters. International Patent Application 
WO 99/43843 teaches transfection with adenovirus vectors encoding GFP and tracking viral 
production by GFP-associated fluorescence. 

[0007] Techniques for detecting or characterizing viral vector particles based on 

direct fluorescent dye-association with the viral particles, immunofluorescence, and GFP- 
associated viral fluorescence are limited in requiring either a fluorogenic dye or GFP to be 
associated with the viral vector particles. Because the use of fluorogenic dyes can be 
expensive, less sensitive than other techniques, and damaging to samples, direct dye- 
association techniques are often unsuitable. Immunofluorescence, while more sensitive 
than direct dye-based techniques, requires specific epitopes and antibodies. GFP -based 
techniques require either chemical or genetic modification to associate the viral vector 
particles with GFP. 

[0008] Few fluorogenic methods have been used to study biological materials 

without the use of dyes or strong fluorogenic proteins such as GFP. U.S. Patent 5,623,932 
discloses the use of direct fluorogenic methods to differentiate between normal and 
abnormal cervical tissues. The '932 patent discloses using laser-induced fluorescence (LIF) 
to identify fluorogenic spectra associated with healthy tissue, relying on oxy-hemoglobin 
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and NADH in the tissue as fluorophores, and further using such spectra to identify 
"abnormal" tissues by comparing spectra. The "932 patent suggests that such abnormal 
tissue could be inflamed or infected with human papilloma virus (HPV). However, the '932 
patent fails to identify, characterize, or quantify HPV particles in such tissues. 
[0009] Similar to the '932 patent, U.S. Patent 6,265,151 and International Patent 

Applications WO 99/50642 and WO 01/34849 claim to describe the detection of HIV, 
hepatitis A virus (HAV), hepatitis B virus (HBV), and hepatitis C virus (HCV) by 
comparing the fluorescence spectrums of plasma purportedly free of or containing such 
viruses in conjunction with modifying the amount of non-viral non-protein fluorophore 
constituents (particularly NADH) in the plasma. Thus, the '151 patent, £ 642 application, 
and '849 application do not provide a technique for the direct detection of viral vector 
particles (i.e., by detecting the fluorescence emission from an intrinsically fluorogenic 
portion thereof). As such, the techniques of the 4 151 patent, '642 application, and '849 
application are not suitable for desirable applications of fluorescence detecting, including 
quantifying viral vector particles or distinguishing between similar viral vector particles, 
particularly in pharmaceutical^ acceptable compositions free of such non-viral non-protein 
fluorophores. Moreover, the disclosure of the '151 patent, '642 application, and '849 
application appears limited to applying such environment-dependent detection techniques to 
either enveloped HBV, HCV, and HIV, or minute HAV, none of which are currently 
suitable for most gene therapy applications. 

[0010] Accordingly, there remains a need for techniques that allow for improved 

detection and characterization of viral vector particles. The present invention provides 
methods for such detection and characterization through fluorescence detection of viral 
vector particles and viral vector proteins. These and other advantages of the present 
invention, as well as additional inventive features, will be apparent from the description of the 
invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 
[0011] The present invention provides a method of quantifying the number of viral 

vector particles in a medium. A medium containing a viral vector particle having an 
intrinsically fluorogenic portion is provided. The medium is contacted with an excitation 
energy, such that an electron associated with the intrinsically fluorogenic portion of the viral 
vector particle is raised to an excited energy state. The excited electron is permitted to emit 
radiation having one or more emission wavelengths and corresponding emission intensities. 
An emission wavelength, and the intensity of the emitted radiation at the emission 
wavelength, are detected. The number of viral vector particles in the medium is quantified 
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by evaluating the detected wavelength and intensity and comparing them to a provided 
standard signal. 

[0012] The invention also provides a method of evaluating the viral vector particle 

content of a medium. A medium is provided and contacted with an excitation radiation 
having an excitation wavelength such that if a viral vector particle is in the medium an 
intrinsically fluorogenic portion of the viral vector particle will emit radiation having an 
emission wavelength at about 560-590 nm (e.g., about 575 nm). The viral vector particle 
content of the medium is evaluated by determining whether the medium emits radiation at 
about 560-590 nm. 

[0013] The invention further provides a method of evaluating the adenoviral vector 

particle content of a medium. A medium is provided and contacted with an excitation 
radiation having one or more excitation wavelengths suitable for exciting an electron 
associated with the intrinsically fluorogenic portion of an adenoviral vector (typically at 
about 235 nm, about 284 nm, or both). If an adenoviral vector particle is in the medium, an 
intrinsically fluorogenic portion of the adenoviral vector particle will emit radiation having 
an emission wavelength characteristic of a naturally-occurring (i.e., wild-type) adenoviral 
vector (typically at about 330 nm, about 574 nm, or both). The adenoviral vector particle 
content of the medium is evaluated by determining whether the medium emits radiation 
having such an emission wavelength (or wavelengths). 

[0014] The invention also provides a method of evaluating the intrinsically 

fluorogenic adenoviral structural protein content of a medium. Similar to the other aspects 
of the invention, a medium is provided and contacted with an excitation radiation having an 
excitation wavelength, such that if an intrinsically fluorogenic adenoviral structural protein 
is in the medium it will emit radiation having an emission wavelength characteristic of an 
intrinsically fluorogenic wild-type adenoviral structural protein or a substantial homolog 
thereof. The intrinsically fluorogenic adenoviral structural protein content of the medium is 
evaluated by determining whether radiation having an emission wavelength characteristic of 
an intrinsically fluorogenic wild-type adenoviral structural protein or substantially 
homologous protein is emitted from the medium. 

[0015] Also provided is a method of evaluating the structurally modified viral vector 

particle content of a medium. As with other aspects of the invention, a medium is provided 
and contacted with an excitation radiation. The excitation radiation has one or more 
excitation wavelengths suitable for exciting an electron associated with the intrinsically 
fluorogenic portion of a structurally modified viral vector particle, such that, if a structurally 
modified viral vector particle is in the medium, the structurally modified viral vector 
particle will emit radiation having an emission wavelength characteristic of the structurally 
modified viral vector particle. The structurally modified viral vector content of the medium 
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is evaluated by detennining whether the medium emits radiation having the characteristic 
emission wavelength of the structurally modified viral vector particle. 

[0016] The invention provides an alternate method of assessing the viral vector 

content of a medium, which includes contacting a medium with an excitation energy, such 
that an intrinsically fluorogenic portion of the viral vector will emit radiation having a first 
emission wavelength and a first intensity if the viral vector particle has a wild-type 
structure, and a second emission wavelength and second intensity if the viral vector particle 
is a structurally modified viral vector particle. The emission wavelengths are detected and 
the viral vector content of the medium assessed by determining whether the first emission 
wavelength and intensity, second emission wavelength and intensity, or a combination 
thereof, are detected. 

[0017] The invention also provides a method of evaluating viral vector particle 

interactions. A medium is provided that is suspected of containing a viral vector particle 
and an interacting-molecule. The medium is contacted with an excitation energy, such that 
an intrinsically fluorogenic portion of the viral vector particle will emit radiation having an 
emission wavelength characteristic of a first emission wavelength and a first intensity if the 
viral vector particle does not interact with an interacting-molecule, and a second emission 
wavelength and second intensity if the viral vector particle interacts with an interacting- 
molecule. The emission wavelength and intensity is detected and evaluated to determine 
whether the viral vector particle interacts with an interacting-molecule. 
[0018] The invention further provides a method of producing a modified viral vector 

particle that exhibits fluorogenicity. A nucleic acid is prepared that encodes a modified 
viral vector particle structural protein with an amino acid sequence of a structural protein of 
an intrinsically fluorogenic viral vector particle and a heterologous tyrosine residue, 
tryptophan residue, or both. The nucleic acid is inserted into a polynucleotide coding for 
the production of a viral vector particle, such that a wild-type structural protein of the viral 
vector particle is replaced by the structurally modified viral vector particle structural protein 
upon expression. The nucleic acid is then expressed in a cell to produce a structurally 
modified viral vector particle that exhibits fluorogenicity different from the fluorogenicity 
exhibited by the wild-type viral vector particle. 

DETAILED DESCRIPTION OF THE INVENTION 
[0019] The present invention provides methods of detecting and/or characterizing 

(e.g., quantifying) the viral vector particle content of a medium. A medium in the context 
of the present invention is any medium which is suitable for detection of radiation emitted 
from a wild-type intrinsically fluorogenic portion (or portions) of a viral vector, or 
substantial homolog thereof, using the disclosed inventive methods. The medium can 
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include different types of intrinsically fluorogenic viral vector particles, other fluorogenic 
molecules, and non-fluorogenic molecules. The medium can take any suitable form. 
Typically, the medium will include or be in the form of a liquid, such as an aqueous 
solution. Such solutions can consist of numerous additional components, such as buffers, 
stabilizers, preservatives, excipients, carriers, diluents, or other additives. The medium can 
comprise a pharmaceutically acceptable (e.g., a physiologically acceptable) carrier and can 
take the form of a pharmaceutical composition (such compositions are further described 
elsewhere herein). The medium can include one or more cells. For example, the medium 
can be a culture of cells, or a tissue, which is either in a tissue culture or in an animal (e.g., 
an organ in a human). The medium can consist of a sample of a larger composition, such as 
a pool or stock of viral vector particles (e.g., a library of viral gene transfer vector particles 
in a stock). 

[0020] The medium can, and typically will, contain a viral vector particle having an 

intrinsically fluorogenic portion. The invention can be practiced with any suitable type of 
viral vector particle. A viral vector particle is any molecule which is based upon, derived 
from, or originates from a virus, and which includes more than one type of viral molecule 
(e.g., more than one type of viral protein or a viral protein and a viral nucleic acid) or a 
substantial homolog thereof (as defined further herein). A viral molecule is any molecule 
which makes up a portion of a wild-type virus or a substantial homolog thereof. Preferably, 
the viral vector particle will include several wild-type viral proteins and/or substantial 
homologs thereof (e.g., at least about 60 viral proteins, at least about 100 viral proteins, or 
more). Typically, such proteins include several different protein types (e.g., adenoviral 
hexon and penton proteins). The terms "protein," "peptide," and "polypeptide" are used 
synonymously herein to refer to any chain of linked amino acid residues. 
[0021] The viral vector particle can be an unmodified naturally occurring (i.e., 

"wild-type") virus particle, or modified viral vector particle, such as a viral gene transfer 
vector and/or a synthetic viral vector particle. Desirably, the viral vector particle contains, 
or is associated with, a nucleotide genome, which preferably is a DNA genome, and most 
preferably is a double-stranded DNA genome, as such viral genomes are typically easier to 
manipulate when generating a viral gene transfer vector. Viral vectors with single-stranded 
RNA genomes are least preferred. The viral vector desirably comprises a genome that is 
transcribed and replicated in the nucleus of the host cell, and the mRNAs transcribed 
therefrom processed posttranscriptionally and moved to the cytoplasm for translation (thus, 
mimicking the translation of host genes). However, non-integrating viral vectors are 
preferred over integrating viral vectors. Preferably, though not necessarily, the viral vector 
particle is derived from, is based on, comprises, or consists of, a virus that normally infects 
animals, such as mammals and, especially, humans. 
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[0022] The viral vector particle is preferably a non-enveloped viral vector particle. 

Examples of suitable non-enveloped viral vector particles include adenoviral vector 
particles (including any virus of or derived from a virus of the adenoviridae), adeno- 
associated viral vectors (AAV vectors) or other parvoviruses and parvoviral vectors, 
papillomaviral vector particles, reovirus particles, and viruses of, or viral vector particles 
derived from, the birnaviridae, astroviridae, potyviridae, picornaviridae, myoviridae, 
tectiviridae, nodaviridae, calciviridae, iridoviridae, caulimoviridae, papovaviridae, and 
phycodnaviridae. Examples of such viruses and viral vectors are provided in, e.g., 
Virology, B.N. Fields et al., eds., Raven Press, Ltd., New York (3rd ed., 1996 and 4th ed., 
2001), Encyclopedia of Virology, R.G. Webster et al., eds., Academic Press (2nd ed., 
1999), Fundamental Virology, Fields et al., eds., Lippincott-Raven (3rd ed., 1995), 
Levine, "Viruses " Scientific American Library No. 37 (1992), Medical Virology, D.O. 
White et al., eds., Academic Press (2nd ed. 1994), and Introduction to Modern 
Virology, Dimock, N.J. et al., eds., Blackwell Scientific Publications, Ltd. (1994). 
[0023] Particularly preferred types of viral vector particles include adeno-associated 

viral vectors and adenoviral vectors. Adenoviral vector particles, which possess all of the 
aforementioned desired qualities, are most preferred. The adenoviral vector can be any 
suitable type of adenoviral vector. For instance, an adenovirus can be of subgroup A (e.g., 
serotypes 12, 18, and 31), subgroup B (e.g., serotypes 3, 7, 11, 14, 16, 21, 34, and 35), 
subgroup C (e.g., serotypes 1, 2, 5, and 6), subgroup D (e.g., serotypes 8, 9, 10, 13, 15, 17, 
19, 20, 22-30, 32, 33, 36-39, and 42-47), subgroup E (serotype 4), subgroup F (serotypes 40 
and 41), or any other adenoviral serotype. Preferably, the adenoviral vector is based on, 
derived from, or consists of a serotype-2 or serotype-5 adenovirus. In some situations, type 
35 adenoviral vectors (as described in, e.g., International Patent Application WO 01/41814) 
are desired as gene delivery vehicles, particularly where immune response to the vector is a 
concern. Other examples of suitable adenoviral vectors, including replication-defective 
adenoviral vectors, are described in, e.g., International Patent Applications WO 95/34671, 
WO 97/21826, WO 99/41398, U.S. Patents 5,801,030, 5,851,806, 5,994,106, 5,965,541, 
6,113,913, and 6,225,113, and other references cited herein. 

[0024] The viral vector particle can have any suitable structure. Preferably, the viral 

vector particle is a polyhedral viral vector, and, more preferably, is a viral vector having an 
icosahedral form (e.g., rather than a predominately helical form and/or a mixed 
helical/icosahedral form). The icosahedral form of viruses is well known in the art. 
Briefly, an icosahedron is a regular three-dimensional body having 20 triangular faces, 12 
pointed comers (vertices), and 30 edges with special symmetry (5:3:2 rotational symmetry). 
The icosahedron is formed of capsomeres (or sub-units, which are recognizable by electron 
microscope), each capsomere is typically composed of from 1 to 6 protein subunits, 
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depending on the type of viral vector particle. The viral vector particle desirably is free of 
any "surface protein/' such as the hepatitis B surface antigen (i.e., the viral vector particle is 
desirably a "naked" viral vector particle), which might, for example, interfere with the 
excitement of an intrinsically fluorogenic portion of the icosahedral capsid. 
[0025] The icosahedral viral vector particle desirably has a triangulation number of 

at least 7 (e.g., about 7-60 or about 9-50). The icosahedral viral vector particle more 
preferably has a triangulation number of at least 9, at least 12, at least 13, or at least 21 (or 
any suitable number therebetween), and advantageously has a triangulation number of about 
20-60 (within permissible values). Optimally, the triangulation number of the icosahedral 
viral vector particle is 25. The "triangulation number" is a value that (roughly) represents 
the number of triangles on any of the faces of the icosahedron. Normally, the triangulation 
number is defined as the number of subunits divided by 60. Preferably, the icosahedral viral 
vector particle comprises more than 60 subunits. More preferably, the icosahedral viral 
vector particle comprises about 180-1500 subunits, and optimally about 250 subunits (e.g., 
252 subunits). The viral vector particle desirably comprises both hexamer subunits 
(subunits composed of six individual structural proteins, such as adenoviral hexon proteins) 
and pentamer subunits (subunits composed of five individual structural proteins, such as 
adenoviral penton proteins), which advantageously are separately formed by distinct viral 
vector proteins, and optimally are present in a ratio of 20:1 hexamer to pentamer units. 
Principles related to determination of icosahedral structure and the triangulation number of 
viral vector particles are described in, e.g., Caspar et aL, "Physical Principles in the 
Construction of Regular Viruses," Cold Spring Harbor Symposia on Quantitative Biology 
XXVII, Cold Spring Harbor Laboratory, New York (1962), Caspar et al., "Structure and 
Assembly of Regular Virus Paricles," Nucleic Acids and Cancer, Williams and Wilkins 
(Baltimore, MD, USA) (1963), and Wang et al., Set. China, 34(4), 403-1 1 (1991). It will be 
recognized that the triangulation number can assume only certain values in certain 
situations. The determination of such values can be determined using teachings known in 
the art and, therefore, is not discussed herein. The triangulation number values provided 
herein (particularly in the case of the above-describe ranges) may thus be considered 
approximations, and are not intended to exactly correspond to only suitable triangulation 
numbers. The viral vector particle capsid can desirably include additional structural 
proteins, such as proteins that aid in translocation/infection and/or stabilizing the 
icosahedron (e.g., adenoviral fiber proteins). The viral vector particle desirably comprises a 
true icosahedron shape, rather than an "icosahedron-like" shape, such as been attributed to 
the core particle of HCV. The viral vector particle desirably does not assume a 
polymorphic structure, with variable triangulation numbers. 
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[0026] The inventive method can be practiced with a medium containing any 

suitable number of viral vector particles. A suitable number of viral vector particles is any 
number which can be detected and/or characterized (e.g., quantified) by the methods of the 
present invention. The inventive methods can be practiced with a homogenous or 
heterogeneous (i.e., mixed) population of viral vector particles (e.g., wild-type herpes virus 
and adenovirus particles, or different modified particles such as replication-defective 
adenoviral vector particles and complementing (i.e., helper) adenovirus particles). When a 
number of identical or similar viral vector particles are present in a suitable medium, the 
particle-containing medium can be referred to as a stock of the viral vector. 
[0027] The viral vector particle can have any suitable size and weight. In contrast to 

UV spectrophotometry-based techniques, viral vector particles with relatively larger 
molecular weights and sizes can be detected, characterized, and/or quantified directly using 
the methods described herein, without performing calculations or taking additional steps to 
account for scattered light problems associated with UV-based detection which may result 
in erroneous detection readings. For example, viral vector particles having molecular 
weights of about 1 x 10 8 Daltons or more, about 1.5 x 10 8 Daltons or more, and even about 
1.7 x 10 8 Daltons or more (e.g., about 2 x 10 8 Daltons or more) can be detected and/or 
characterized (e.g., quantified) directly (i.e., without taking additional steps or performing 
calculations to account for light scattering). Further in contrast to UV spectrophotometry- 
based techniques, viral vector particles with large particle sizes can be directly detected 
and/or characterized (e.g., quantified). For example, viral vector particles of at least about 
40 nra in diameter, at least about 80 nm in diameter, at least about 120 ntn in diameter, or 
larger, can be directly detected and/or characterized. 

[0028] The viral vector particle includes an intrinsically fluorogenic portion. The 

intrinsically fluorogenic portion in the context of the present invention is any portion of a 
viral vector particle which includes, or consists of, a naturally occurring (wild-type) viral 
molecule (e.g., an intrinsically fluorogenic viral protein), or a substantially homologous 
(preferably substantially identical) molecule, which is intrinsically fluorogenic. A molecule 
is "intrinsically fluorogenic" if it emits one or more emission wavelengths when contacted 
with a suitable excitation energy in the absence of fluorescent dyes and/or conjugated 
fluorophores. 

[0029] Typically, and preferably, the intrinsically fluorogenic portion includes, or 

consists of, a wild-type viral molecule. In such aspects, the molecule can be any suitable 
type of molecule. Examples of suitable molecules include viral proteins, including post- 
translationally modified viral proteins (e.g., viral glycoproteins). 

[0030] The intrinsically fluorogenic portion can include, or consist of, an 

intrinsically fluorogenic molecule that is at least substantially homologous, preferably 
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substantially identical, to an intrinsically fluorogenic wild-type viral molecule (e.g., a non- 
wild-type homolog of a wild-type viral fluorogenic protein). As used herein, a substantially 
homologous molecule is any molecule having at least about 70% amino acid sequence 
homology to another molecule (e.g., a wild-type viral protein), at least about 70% structural 
similarity to another molecule (e.g., a wild-type viral protein), or both. 

[0031] The intrinsically fluorogenic portion has at least about 70% (e.g., at least 

about 80%, at least about 85%, or at least about 90%) amino acid sequence homology to an 
intrinsically fluorogenic wild-type viral molecule if at least about 70% of the amino acid 
residues in the substantially homologous molecule's amino acid sequence are identical to, or 
differ by only conservative amino acid residue substitutions from, the amino acid residues 
in the amino acid sequence of its wild-type counterpart when the sequences are compared in 
a manner which maximizes homology and/or identity. Conservative amino acid residue 
substitutions involve exchanging a member within one class of amino acid residues for a 
residue that belongs to the same class. Homologous proteins obtained by conservative 
substitutions are expected to substantially retain the biological properties and function of the 
wild-type protein. The classes of amino acids and the members of those classes are 
presented in Table 1 . 



Table 1 - Amino Acid Residue Classes 



Amino Acid Class 


Amino Acid Residues 


Acidic Residues 


ASP and GLU 


Basic Residues 


LYS, ARG, and HIS 


Hydrophilic Uncharged Residues 


SER, THR, ASN, and GLN 


Aliphatic Uncharged Residues 


GLY, ALA, VAL, LEU, and ILE 


Non-polar Uncharged Residues 


CYS, MET, and PRO 


Aromatic Residues 


PHE, TYR, and TRP 



[0032] A substantially homologous molecule can include any suitable number of 

non-conservative amino acid residue substitutions. Preferably, aromatic residues (which are 
fluorogenic) remain conserved with respect to, and more preferably remain identical to, the 
aromatic residues occurring in the corresponding wild-type viral molecule. 
[0033] One of ordinary skill will recognize that residue position in either 

substantially homologous or substantially identical molecules may vary from their wild-type 
counterpart molecule due to deletions or additions of residues. Homology and/or identity in 
view of such substitutions and deletions can be determined using commercially available 
sequence analysis/alignment software and/or other known techniques. Protean, sold by 
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DNASTAR (Madison, Wisconsin), is an example of suitable commercially-available 
sequence analysis software. 

[0034] Alternatively, or in addition, the intrinsically fluorogenic portion has at least 

about 70% (e.g., at least about 80%, at least about 85%, or at least about 90%) structural 
similarity to an intrinsically fluorogenic wild-type viral molecule. Thus, the intrinsically 
fluorogenic portion can have a significantly different amino acid sequence from wild-type 
viral proteins if there exists such structural similarity. For example, synthetic peptides 
and/or recombinantly produced peptides which have a structure that is substantially similar 
to the structure of wild-type adenovirus fiber protein are contemplated. Examples of such 
proteins include modified fiber proteins that contain knob (or "head") region or domain 
modifications as described in, e.g., U.S. Patent 5,846,782, and double-ablated adenoviruses 
which contain modified penton proteins. 

[0035] The percentage of structural similarity can be based on complete overlap 

between the molecules, on a domain-by-domain basis, or, preferably, by both methods. 
Structural similarity between the molecules can be determined by any suitable method. For 
example, the secondary structure of two proteins can be determined and compared, e.g., by 
means of performing surface probability comparisons using the amino acid sequences of 
both molecules. Alternatively, and preferably, the three-dimensional structures for the two 
proteins are determined and compared (e.g., by overlapping the three dimensional structures 
of the proteins using three dimensional imaging software). 

[0036] The intrinsically fluorogenic portion can be substantially identical to an 

intrinsically fluorogenic wild-type viral molecule such that it has at least about 70% 
(preferably at least about 80%, and more preferably at least about 90%) amino acid 
sequence identity with a wild-type viral protein. Preferably, although not necessarily, the 
intrinsically fluorogenic portion also will have at least 70% structural similarity to its wild- 
type viral counterpart. 

[0037] The intrinsically fluorogenic portion desirably has at least similar fluorogenic 

properties to its wild-type viral counterpart. In other words, the intrinsically fluorogenic 
portion preferably emits radiation having at least one emission wavelength in common with 
its wild-type viral counterpart. 

[0038] The viral vector particle can include, and preferably does include, more than 

one intrinsically fluorogenic portion, and each intrinsically fluorogenic portion preferably 
includes more than one intrinsically fluorogenic molecule (e.g., 3, 5, 10, 15, or more 
intrinsically fluorogenic wild-type viral proteins). Additionally or alternatively, the viral 
vector particle can include non-natural and/or non-viral fluorogenic portions in addition to 
the intrinsically fluorogenic portion (e.g., the viral vector particle can include GFP). 
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[0039] The intrinsically fluorogenic portion can make up any suitable portion of the 

viral vector particle, including the entire particle. Desirably, the molecules which make up 
the intrinsically fluorogenic portion (or portions) make up at least about 10%, preferably at 
least about 20%, more preferably at least about 50%, and even more preferably at least 
about 70% of the molecules which form the viral vector (either by weight, molecule type, or 
both). 

[0040] The viral vector particle-containing medium is contacted with an excitation 

energy. The excitation energy can be any form of energy which is capable of exciting an 
electron associated with an intrinsically fluorogenic portion of the viral vector particles to 
an excited energy state. While numerous forms of energy are suitable, the excitation energy 
preferably is in the form of an excitation radiation. 

[0041] Excitation radiation can be any suitable type of radiation. Typically, the 

excitation radiation will be in the form of electromagnetic radiation having one or more 
discrete wavelengths. For example, the excitation radiation can be in the form of visible 
light radiation, such as is emitted from a suitable lamp. Alternatively, the excitation 
radiation can be in the form of ultraviolet radiation (UV) or infrared (IR) radiation. The 
excitation radiation can be generated by any suitable technique or device. Most often, the 
excitation radiation is in the form of one or more photons of energy supplied by a suitable 
radiation source, such as an incandescent lamp, argon/mercury lamp, xenon lamp, halogen 
lamp, or a laser (e.g., through a laser-induced flash). 

[0042] Due to the speed with which excitation occurs using a xenon lamp or a laser, 

the excitation energy is preferably provided by one of these two sources. Because of its 
high sensitivity, laser-induced fluorescence (LIF) is particularly preferred. In LIF, the 
medium typically is irradiated at one wavelength, usually in the UV spectral region, and the 
emission (fluorescent signal) is measured at a longer wavelength, usually at a higher UV 
wavelength or the violet-yellow/green region of the visible spectrum. The excitation source 
for molecular LIF typically is a tunable dye laser in the UV spectral region. In addition to 
UV radiation, LIF can utilize visible and/or near-IR excitation radiation, particularly with 
recently developed frequency doubling methods. Cooling of the medium (and thus the viral 
vector particle), for example by molecular beams, free-jet expansions, and cryogenic glass 
or crystalline matrices, in LIF-based techniques, can remove spectral congestion and reduce 
the Doppler width of the transitions, thereby allowing for improved detection. The laser 
used for LIF can be any suitable laser, including, for example, an argon-ion laser or a 
helium/neon laser. Preferred laser fluorometers are ZetaLIF fluorometers, available from 
Picometrics (Ramonville, Saint Ague, France). Typically, in using LIF techniques, the 
medium will be, or comprise, a sample (i.e., a portion) of a larger composition due to the 
tendency of LIF techniques to damage biological samples, including viable viral vector 
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particles. Due to the higher sensitivity associated with LIF-based techniques, such samples 
can be relatively small and consist of very few viral vector particles (e.g., samples 
containing about 1 x 10 6 viral vector particles or less are suitable), and the results of 
applying the method can be extrapolated to quantify or otherwise characterize or evaluate 
the viral vector particles in a significantly larger composition. 

[0043] An electron associated with an intrinsically fluorogenic portion of the viral 

vector particle is raised to an excited energy state by the contact of the excitation energy 
with the medium. The process of raising the electron to an excited energy state is known as 
excitation, and the electron in such a state is referred to as an excited electron. Excitation in 
the context of the present inventive method can occur in any suitable manner. For example, 
excitation can occur through direct contact of the viral vector particle with the excitation 
energy, or, alternatively, through absorption of the excitation energy and transfer thereof 
through the medium to the viral vector particle. Any suitable number of electrons can be 
raised to the excited state by the excitation energy. Desirably, more than one electron is 
excited. 

[0044] By exciting an electron associated with an intrinsically fluorogenic portion of 

the viral vector, the inventive method does not rely on the presence of non-viral and non- 
protein fluorophores, such as NADH. Preferably, the exciting energy does not excite 
electrons associated with such non- viral non-protein fluorophores if they are present in the 
medium, which desirably they are not. 

[0045] The excited energy state can be any suitable energy state which is higher 

than the energy state which the electron occupied immediately prior to contact with the 
excitation energy. A suitable energy state is any energy state which causes the excited 
electron, if permitted, to emit radiation. Thus, the excited electron can be raised (i.e., 
"boosted") to the next highest energy state it can occupy (a first excited state (e.g., an Si 
state)), or to a higher energy state which the electron can occupy (a second or higher excited 
state (e.g., an S2 state)). An electron's energy state can be characterized based on the 
vibrational energy, the rotational energy, or both, associated with the energy state. Several 
vibrational and rotational energy levels can exist within an excited state. 
[0046] A radiation wavelength associated with exciting an electron is an excitation 

wavelength. The excitation wavelength associated with a particular viral vector particle is 
dependent upon the fluorogenic properties of the particular viral vector. The radiation 
wavelength associated with exciting the largest number of viral vector particles is the 
optimum excitation wavelength. The optimum excitation wavelength can be determined by 
determining the excitation wavelength associated with the apex of the highest "peak" on a 
graph of the viral vector particle's excitation spectrum (i.e., a two-dimensional plot of either 
excitation energies or wavelengths versus the intensity of the resulting emitted radiation). 
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[0047] The viral vector particle can have any suitable number of associated 

excitation wavelengths. Preferably, the viral vector particle has more than one associated 
excitation wavelength. In such situations, quantification of the number of viral vector 
particles typically is practiced using the optimum excitation wavelength, which provides the 
greatest sensitivity and most accurate detection of viral vector particles. In some situations, 
however, using other excitation wavelengths is preferred. For example, an excitation 
energy associated with the viral vector particles, which does not excite other (i.e., non-viral 
vector) fluorogenic components of the medium, can be used to provide greater selectivity 
for the viral vector particles, even if the excitation radiation is not the optimum excitation 
wavelength. 

[0048] Excitation of other fluorogenic components of the medium also can be 

avoided by the use of wavelength selectors, which are known in the art. A wavelength 
selector screens radiation, thereby permitting only certain wavelengths, or bands (i.e., 
ranges) of wavelengths, to contact the medium. Any suitable type of wavelength selector 
can be used. Typical wavelength selectors include monochromators, bandpass filters (such 
as long pass and short pass filters), and cutoff filters. A monocliromator or a bandpass filter 
permits a range of wavelengths of an excitation radiation to pass through and contact the 
medium while blocking radiation at the other excitation wavelengths. A monochromator 
increases the intensity of the resulting fluorescent emissions by selecting for a range of 
excitation wavelengths. A cutoff filter blocks stray excitation radiation below a predefined 
cutoff point. Monochromators, bandpass filters, and other components can be included 
within a fluorescence detection system. For example, the system can include one or more 
gratings which are designed to optimize excitation and/or emission wavelengths, alone or in 
combination with one or more mirrors for directing excitation radiation to the medium or a 
portion thereof. 

[0049] After excitation, the excited electron, if permitted to, will emit radiation 

having one or more emission wavelengths. This phenomenon of emitting radiation by an 
excited electron concomitant with the excited electron's return to a ground or relaxed state 
is known as fluorescence. The excited electron's emission of radiation (also known as a 
fluorescent emission) permits the excited electron to enter an energy state lower than the 
excited energy state (sometimes referred to as the ground or relaxed state), which typically 
is substantially equal to the energy state the electron was in prior to contact with the 
excitation energy. 

[0050] Fluorescent emissions are marked by brief excitation emission periods. 

Fluorescent emissions usually begin almost instantaneously upon absorption of radiation at 
a suitable excitation wavelength. After excitation, fluorescent emissions can occur for any 
suitable period. Preferably, fluorescent emissions occur for about 5 x 10" 3 seconds or less. 
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Typically, fluorescent emissions will occur within a period of about 1 x 10~ 5 - 1 x 10" 9 
seconds. 

[0051] The emitted radiation can have any suitable number of emission 

wavelengths. The magnitude of the emission wavelengths is dependent upon the excitation 
wavelength and fluorogenic characteristics of the viral vector particle, particularly the 
energy levels available to the viral vector particle-associated excited electrons. Similar to 
excitation wavelengths, emission wavelengths can form an emission spectrum, which can be 
graphically represented as a plot of emission wavelengths versus fluorescence intensity. 
[0052] Because of energy dissipation during absorption, the emission wavelength or 

wavelengths typically are longer than the excitation wavelength or wavelengths. The 
difference in energy or wavelength represented by the difference between the excitation 
wavelength and the emission wavelength (hvEx-hv E M) is known as the Stokes shift. This 
difference in length of the excitation and emission wavelengths, represented by the Stokes 
shift, permits isolation of either excitation or emission radiation. Accordingly, viral vector 
particles associated with large Stokes shifts are preferred. 

[0053] Fluorescent emissions, in the context of the present invention, can have any 

suitable characteristics. Preferably, the fluorescent emissions are distinguishable from 
phosphorescent emissions or luminescent emissions. Thus, for example, the production of 
fluorescent emissions compared to the use of UV spectrophotometry is relatively 
temperature independent, except with regard to an increased probability of quenching 
associated with higher temperatures in some mediums. Desirably, the fluorescent emission 
or emissions associated with the viral vector particle are within a range of about 75-300% 
times the emission spectrum of tryptophan, tyrosine, or amino acid sequences comprising 
repeated residues thereof (polyTrp or polyTyr sequences). 

[0054] The fluorescence process usually is cyclical. Thus, unless the intrinsic 

fluorogenic capacity of a viral vector particle is irreversibly destroyed in the initial excited 
state (for example by the phenomenon of photobleaching), a viral vector particle can be 
repeatedly excited and detected. Thus, the excitation of an electron associated with a viral 
vector particle can be repeated as desired depending upon the ability of the viral vector 
particle to undergo repeated excitation/emission cycles. 

[0055] Often, not all of the electrons initially excited return to the lower energy state 

by fluorescence. Other processes such as collisional quenching, fluorescence energy 
transfer, and intersystem crossing also can depopulate the population of excited electrons. 
The ratio of the number of fluorescence emissions to the number of photons absorbed by a 
viral vector particle is the fluorescence quantum yield. Thus, the quantum yield measures 
the relative extent to which processes which depopulate the population of excited electrons 
occur. 
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[0056] In order to maximize the quantum yield, the methods of the present invention 

preferably are practiced while avoiding photohleaching (i.e., photodestruction) and 
quenching of the fluorogenic properties of the viral vector particle. Any .suitable technique 
for avoiding photohleaching and quenching can be utilized. Examples of suitable 
techniques include avoiding high intensity excitation radiation, maximizing detection 
sensitivity (e.g., by using low-light detection devices such as CCD cameras, as well as 
high-numerical aperture objectives, and the widest emission bandpass filters compatible 
with satisfactory signal isolation), using antifade agents, and avoiding agents associated 
with collisional quenching, such as O2 and heavy atoms such as iodide. When the medium 
is in solution (e.g., a portion of a composition subjected to a chromatography resin), 
degassing the composition to remove such agents, particularly oxygen, and thereby avoid 
collisional quenching, is particularly preferred. In live cell-containing mediums, vitamin C 
(ascorbic acid) often can be used to reduce photobleaching. Collisional and self-quenching 
also can often be reduced, if necessary, by reducing the concentration of the viral vector 
particles and/or other components in the medium. Quenching is conformation dependent. 
Thus, modifying the conformation of the viral vector particles also can affect the probability 
of quenching. Environmental factors, such as medium polarity, proximity and 
concentrations of quenching species, and pH, also should be monitored for photobleaching 
effects. 

[0057] The emitted radiation can be characterized on the basis of its intensity (also 

sometimes referred to in the art as brightness). The total intensity of viral vector particle 
emitted radiation in a particular medium is a function of the intensity and wavelength of the 
excitation radiation, the amount of viral vector particles present in the medium, and the 
fluorogenic properties of the viral vector particles. 

[0058] Two fluorogenic properties of the viral vector particles which affect intensity 

are the extinction coefficient and quantum efficiency. The extinction coefficient is the 
amount of radiation of a given wavelength that is absorbed by the viral vector particle upon 
contact with the excitation radiation. The quantum efficiency of the viral vector particle is 
its capacity to convert such absorbed radiation to emitted fluorescent radiation. The molar 
extinction coefficient of a viral vector particle is defined as the optical density of a one- 
molar solution of viral vector particles through a one-cm radiation path. Emission intensity 
is proportional to both the quantum efficiency and extinction coefficient. 
[0059] The emitted radiation, particularly the wavelength and intensity of the 

emitted radiation corresponding to at least one emission wavelength, is detected. If the viral 
vector particle emits radiation at multiple emission wavelengths, it is typically preferred that 
the method includes determining the intensity of emitted radiation at those wavelengths as 
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well. Any suitable number of emission wavelengths, and intensities corresponding to any 
number of emission wavelengths, can be detected. 

[0060] The emitted radiation can be detected using any suitable technique. 

Preferably, a fluorescence detector is used to detect the emitted radiation. Any suitable 
fluorescence detector can be used, and numerous types are known and commercially 
available. Generally, a fluorescence detector registers emission radiation, including 
emission wavelengths, intensities, or both, and produces a recordable output, usually as an 
electrical signal or a photographic image. To aid detection, the fluorescence typically 
interacts with an emission wavelength selector (such as a mono chromator or an interference 
filter) and then is detected by a radiation detector, such as a photodiode or a photomultiplier 
tube (PMT). Other radiation detectors, such as a CCD camera, also can be used. 
[0061] Suitable fluorescence detectors include fluorometers (sometimes referred to 

in the art as fluorimeters), spectrofluorometers, and microplate readers, which measure the 
average fluorescent properties of the medium; fluorescence microscopes, which resolve 
fluorescence as a function of spatial coordinates in two or three dimensions; fluorescence 
scanners, which resolve fluorescence as a function of spatial coordinates in two dimensions 
for macroscopic objects such as electrophoresis gels, blots, and chromatograms; and flow 
cytometers, which measure fluorescence per particle in a flowing stream, allowing 
subpopulations of viral vector particles in the medium to be identified, evaluated, and 
quantified. Each type of instrument produces different measurement artifacts and makes 
different demands on the viral vector particles. For example, although photobleaching is 
often a significant problem in fluorescence microscopy, it is not a major impediment in flow 
cytometry because the dwell time (how long the excitation beam continues to illuminate the 
medium) of the individual viral vector particles cells in the excitation beam in flow 
cytometry is short. PMTs can be useful in low intensity applications such as fluorescence 
spectroscopy and are often integrated into such devices; however, other radiation detectors 
also are suitable. 

[0062] Preferably, the fluorescence detector provides continuous ranges of 

excitation and emission wavelengths, in contrast to laser scanning microscopes and flow 
cytometers, which presently typically require excitation at a single fixed wavelength. 
Fluorometers and/or spectrofluorometers, which provide such qualities, are preferred 
fluorescence detectors. Generally, a fluorometer is a fluorescence detector that includes an 
excitation source, a sample cell for testing the medium (which typically is a portion of a 
larger composition), and a radiation detector, such as a PMT. 

[0063] As indicated above, scanning fluorescence techniques are useful in many 

aspects of the invention. Examples of such techniques include moving a laser over the 
medium or, alternatively, using a CCD camera to collect the entire image at once. CCD 
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camera techniques are faster and potentially more sensitive than scanning, but often provide 
lower resolution than PMT-based scanning techniques. Other detection configurations have 
been developed using multiple lasers, rotating mirrors, and mounts that fix the laser and 
detectors in a constant position, each of which provides different and particular advantages. 
For example, certain configurations can permit the determination of the shape and/or weight 
of the viral vector particle (e.g., systems which use a fluorometer similarly to a light scatter 
detector). 

[0064] Detecting fluorescent emissions sometimes can be compromised by 

background signals, which may originate from other medium constituents (sometimes 
referred to in the art as autofluorescence). Autofluorescence desirably is minimized. 
Autofluorescence can be minimized by using a suitable wavelength selector, such as a filter 
that reduces the transmission of background signals (e.g., a bandpass filter). Alternatively, 
in three-dimensional imaging systems, confocal optics improve resolution in the third 
dimension. Such systems irradiate sequentially each point in three-dimensional space. 
Collection optics collect the signal from the irradiated point and reject any information that 
is out of focus. Another way to improve the signal is to increase the viral vector particle 
concentration; however, in most instances care should be taken to avoid quenching caused 
at very high viral vector particle density. In addition, if the viral vector particles are 
associated with multiple excitation wavelengths, the use of longer wavelengths also can 
assist in avoiding background fluorescence. 

[0065] Adjusting the excitation wavelength and/or focusing detection on select 

emission wavelengths or wavelength ranges allows for reduction of any background signal 
or signals. By applying such techniques, an emission wavelength and/or an emission 
intensity originating from the excitation of the intrinsically fluorogenic portion of the viral 
vector particle can be detected while the detection of an emission wavelength and intensity 
associated with any other fluorogenic molecules, such as NADH, that may be present in the 
medium is substantially avoided. Preferably, the emission wavelength and/or intensity 
associated with any other fluorogenic molecules that may be present in the medium makes 
up less than about 25%, more preferably less than about 10%, and even more preferably, 
less than about 5%, of the total emission wavelength and/or intensity detected. 
[0066] There are numerous other ways to improve signal detection and evaluation. 

For example, the excitation radiation can be eliminated from the collection pathway by 
several methods, including orienting the path of the excitation radiation so that the 
excitation radiation avoids contacting the detection pathway and inserting bandpass filters 
into the detection pathway to reject the excitation wavelength. Fluorescent signal strength 
also can be improved by increasing the dwell time or repetitively scanning the sample and 
mathematically processing the signals to reduce random noise. 
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[0067] A standard signal can be provided, and the number of viral vector particles in 

the medium can be quantified, by comparing the intensity of the detected fluorescent 
emissions emanating from the viral vector particle or particles with the standard signal. The 
intensity of the radiation emanating from the viral vector particle or particles is typically 
proportional to the number of viral vector particles emitting radiation, thereby permitting 
relative quantification of the viral vector particles by comparison to the standard signal. In 
practice, a radiation detector (such as a PMT) which transmits a current proportional to the 
intensity of the radiation detected by it can be used to determine the intensity. 
[0068] Quantification can be performed under any suitable conditions. Typically 

and preferably, wavelength and intensity of the excitation radiation are held constant (for 
example, using a controlled laser light source) to ensure proportionality between intensity 
and the number of viral vector particles. Dwell time also can affect the intensity of the 
emitted radiation and also should be kept constant when determining intensity for 
quantification purposes. 

[0069] The standard signal can be any suitable signal which permits quantification 

of the number of viral vector particles in the medium. There are numerous techniques 
available for obtaining a suitable standard signal. For example, a standard medium having a 
known viral vector particle content can be used to produce a standard signal (e.g., a standard 
emission spectrum), which can be compared to the emission spectrum of the medium. 
[0070] The inventive method can quantify any suitable number of viral vector 

particles in any suitable concentration. Desirably, the proportionality of the number of viral 
vectors to emitted radiation intensity is maintained throughout a wide range of viral vector 
particle concentrations, though this is sometimes not possible at particularly high 
concentrations. One skilled in the art can determine the suitable quantifiable range of 
particle concentrations and particle numbers by routine experimentation. For example, the 
minimum number of viral vector particles for use can be determined by adding viral vector 
particles to a medium containing no viral vector particles in a stepwise manner, and testing 
for fluorescence detection after each addition. The maximum concentration and/or particle 
number can be determined by continuing the steps of stepwise addition of viral vector 
particles and fluorescence detection until the substantially linear relationship between viral 
vector particle number and emitted radiation intensity is no longer observed. The 
fluorescence detector, the type of excitation radiation, and type of viral vector particle, may 
impact on the range of viral vector particle numbers that can be quantified by the inventive 
method. 

[0071] The inventive method can be practiced using mediums containing 

significantly smaller viral vector particle populations compared to those which can be 
detected by UV spectrometry. For example, mediums with viral vector concentrations of 
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about 1 x 10 10 particles/ml or less, about 1 x 10 9 particles/ml or less, about 1 x 10 7 
particles/ml or less, about 5 x 10 6 particles/ml or less, about 1 x 10 5 particles/ml or less, or 
even lower concentrations, can be quantified using the inventive method. The amount of 
viral vector particles required for quantification depends upon the source of the excitation 
energy. For example, using a xenon lamp to generate the excitation energy permits 
quantification of about 1 x 10 7 particles/ml or less (e.g., about 5 x 10 6 particles/ml or less), 
whereas using LIF to generate the excitation energy permits quantification of about 1 x 10 5 
particles/ml or less (e.g., about 5 x 10 4 particles/ml or less). 

[0072] While quantification can be performed with any suitable level of accuracy, 

the present invention offers methods where quantification at such low concentrations is 
possible with relatively (e.g., compared to UV spectrophotometry) high levels of accuracy. 
For example, the range of error (or coefficient of variation) in the detected quantity of viral 
vector particles using the techniques described herein is typically about 15% or less, 
preferably about 10% or less, even more preferably about 5% or less, and optimally about 
3% or less. 

[0073] In some instances, fluorescence detection by UV spectrometry-based 

techniques can be desirable. For example, when the methods described herein are used to 
detect viral vector particles by fluorescence detection and the medium contains a very large 
population of viral vector particles (e.g., about 1-2 x 10 i0 particles or more), UV 
spectrometry-based quantification of viral vector particles maybe desirable. 
[0074] As indicated above, the inventive method can be practiced using mediums 

consisting of a crude cell lysate of viral vector infected cells or with purified lysates. 
Purification can significantly improve the accuracy of quantification and remove improperly 
processed (i.e., empty or defective) or otherwise damaged viral vector particles. Any 
suitable technique for purification can be used. Examples of suitable purification 
techniques include chromatographic purification (e.g., anion exchange chromatography 
purification), filtration purification (e.g., tangential flow ultrafiltration), and density gradient 
purification (e.g., cesium chloride (CsCl) density gradient purification). Such techniques 
can be combined or repeated as desired. 

[0075] Purification by chromatography is preferred. Any suitable type of 

chromatographic purification can be used. Preferably, chromatography purification is 
performed using the anion exchange chromatography methods described in International 
Patent Application WO 99/54441. Desirably, the medium is provided by contacting 
chromatography resin with a composition comprising a viral vector particle, and eluting at 
least a portion of the composition containing the viral vector particle from the 
chromatography resin, such that the time of elution of the viral vector particle from the 
chromatography resin is determinable. The time of elution of the viral vector particle 
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provides another tool for evaluating the viral vector particle content of the medium. 
Particularly, by separating a viral vector particle containing composition on the basis of 
elution from a chromatography resin and applying the inventive method to one or more of 
the portions of the separated composition (i.e., treating each portion as a separate medium 
for purposes of the inventive method), one can distinguish between the viral vector particle 
and other fluorogenic components of the medium exhibiting similar emission wavelengths 
on the basis of their respective elution times. Moreover, when the expected time of elution 
of the viral vector particle is known, such techniques provide a way to ensure that a detected 
fluorescent emission is associated with the viral vector particle, by comparing the observed 
time of elution with a standard (e.g., expected) time of elution. In addition, graphing elution 
time against fluorescence intensity provides an elution spectrum. Such elution spectrums 
can be used for relative quantification purposes. Fluorescence detection can be performed 
directly on the portion(s) of the composition suspected of containing the viral vector particle 
as such portion(s) elute from the chromatography resin. 

[0076] Purified mediums, when used, can be purified to any suitable level. 

Preferably, a purified medium is at least as pure as a lysate of viral vector infected cells 
subjected to lx CsCl density gradient purification. More preferably, the medium is at least 
as pure as a lysate subjected to 2x (i.e., twice repeated) CsCl density gradient purification, 
and even more preferably is substantially as pure as a 3x CsCl density gradient purified 
lysate. Examples of techniques for achieving high levels of purification are described, for 
example, in International Patent Application WO 99/54441. 

[0077] The present invention also provides a method of quantifying the number of 

damaged viral vector particles, such as the number of defective viral vector particles, empty 
viral vector particles, or both, in the medium, by fluorescence detection. Defective viral 
vector particles are viral vector particles which are incompletely processed (i.e., contain one 
or more incompletely processed components such that they are not as intact as a fully 
processed viral vector particle). Empty viral vector particles are particles which do not 
contain substantially any (e.g., about 10% or less, more typically about 5% or less, and even 
more typically about 1% or less) of their typical nucleic acid content. 

[0078] Quantification of defective viral vector particles, empty viral vector particles, 

otherwise damaged particles, or any combination thereof can be performed with any type of 
viral vector particle that exhibits different emission spectrums when such particle is empty, 
defective, or otherwise damaged as compared to a fully intact viral vector particle, i.e., a 
fully processed viral vector that is not empty, defective, or otherwise damaged. Typically, 
such viral vector particles exhibit a change in one or more "damage-sensitive" emission 
wavelengths, such as a wavelength shift and/or an intensity shift in the radiation emitted 
from such particles when excited. Thus, by detecting the shift in intensity and/or 
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wavelength the number of defective, empty, or otherwise damaged viral vector particles, or 
any combination thereof, can be quantified by comparison with a suitable standard signal. 
[0079] A wavelength shift occurs when a damage-sensitive wavelength 

corresponding to a fully intact (undamaged) viral vector particle is replaced by a slightly 
larger or smaller wavelength when the inventive method is practiced with a medium 
containing a number of defective, empty, or otherwise damaged viral vector particles. A 
wavelength shift can include any detectable shift in wavelength. Typically, a wavelength 
shift will be about 20 nm or less (e.g., about 10 nm or less) in magnitude. 
[0080] The number of defective, empty, or otherwise damaged particles desirably is 

determined by an intensity shift. An intensity shift occurs when the emitted radiation at a 
damage-sensitive wavelength has a detectably higher or lower intensity when emitted from 
defective, empty, or otherwise damaged viral vector particle versus when emitted from a 
fully intact viral vector particle of the same type of viral vector. Whether a wavelength 
shift, intensity shift, or both is observed when the medium contains damaged viral vector 
particles depends on the particular type of viral vector particle. 

[0081] In quantifying defective viral vector particles, the standard signal can be any 

suitable standard signal which enables relative determination of the quantity of defective, 
empty, and/or otherwise damaged particles. For example, the standard signal can 
correspond to a signal produced from a medium having a relatively known amount of 
defective, empty, otherwise damaged viral vector particles, or any combination thereof. In 
that respect, a crude cell lysate of viral vector particles can be enriched as to the number of 
defective, empty, or otherwise damaged viral vector particles, and a purified stock of viral 
vector particles which contains relatively few, if any, defective, empty, or otherwise 
damaged particles, can be can be used to provide standard signals for comparing emission 
spectrums obtained from other mediums (e.g., a crude cell lysate of viral vector particles). 
A linear regression between the detected intensities at a damage-sensitive wavelength for 
the purified stock and the damage particle-enriched lysate allows for the quantification of 
the number of defective, empty, or otherwise damaged viral vector particles in mediums 
containing more defective, empty, or otherwise damaged viral vector particles than the 
purified stock, but less than the damage particle-enriched lysate. 

[0082] Quantification of the number of defective, empty, or otherwise damaged 

viral vector particles in a medium can be performed under any suitable conditions. 
Preferably, such techniques are performed in a medium which is at, and which has been 
maintained at (e.g., stored at for a period of at least about 1 hour, at least about 12 hours, at 
least about 24 hours, at least about 1 week, or longer), a substantially constant medium pH, 
at a substantially constant medium temperature, and free of particle integrity-degrading 
detergents, to avoid undesired integrity changes, conformation changes, quenching, and/or 
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photobleaching. For example, the inventive method can be performed with a medium 
including or consisting of a pharmaceutical composition, maintained under the 
aforementioned medium conditions, which comprises a stock of a viral vector, to assess 
whether the pharmaceutical composition is suitable for administration (e.g., by examining 
particle degradation under such conditions). Although particularly desirable in connection 
with the quantification of the number of defective, empty, or otherwise damaged viral 
vector particles in a medium, these conditions also can be useful in connection with other 
aspects of the inventive method concerning the detection and/or characterization (e.g., 
quantification) of viral vector particles in a medium even in the absence of the 
quantification of the number of defective, empty, or otherwise damaged viral vector 
particles in a medium. 

[0083] Preferably, the viral vector particle also is associated with an emission 

wavelength that is relatively insensitive to the number of defective, empty, and/or otherwise 
damaged viral vector particles in the medium. In other words, such a wavelength and/or 
intensity remains relatively unchanged (e.g., less than about 10%, preferably less than about 
5%, and more preferably less than about 3% changed) by the presence of defective, empty, 
or otherwise damaged viral vector particles in the medium. The total number of viral vector 
particles and the number of defective, empty, or otherwise damaged viral vector particles 
then can be relatively quantified by evaluating the emission intensity at the insensitive 
wavelength and comparing it to a standard signal, doing the same with regard to the 
emission intensity at the damage-sensitive wavelength or wavelengths, and comparing the 
two obtained values. The ratio of defective, empty, and/or otherwise damaged viral vector 
particles to the total number of particles thereby can be determined. 

[0084] The inventive method described herein can be used to evaluate a protocol for 

the production of a stock of viral vector particles, such as a stock of a viral gene transfer 
vector. In such respect, a stock of a viral vector, preferably a viral gene transfer vector, is 
produced in accordance with a production protocol. The inventive method then is 
performed on a medium containing the stock, or a portion thereof. The production protocol 
is evaluated by quantifying the number of viral vector particles in the medium, the number 
of defective, empty, or otherwise damaged viral vector particles in the medium, or any 
combination thereof. 

[0085] Production protocols can be evaluated for any suitable quality and in any 

suitable manner. For example, different viral vector stock production protocols can be 
compared for the total number of viral vector particles produced and/or the number of 
defective, empty, or otherwise damaged particles produced. Using such techniques, one can 
determine the optimum factors for producing a stock, such as what harvest time is 
associated with a desired particle yield of total viral vector particles (based on quantity 
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and/or quality of the viral vector particles produced). Another example of a quality which 
can be evaluated is the consistency of the production protocol. 

[0086] The inventive method also can be used for evaluating a pharmaceutical 

composition including a stock of a viral vector, such as a stock of a viral gene transfer 
vector. The pharmaceutical composition can be any composition containing a stock of a 
viral vector and a suitable pharmaceutical (e.g., physiological) carrier (such as water, with 
or without other additives (e.g., sugars, salts, and buffers)). Examples of suitable 
components of the pharmaceutical composition in this respect are described in, e.g., Berge 
et bL 9 J. Pharm. Set, 66(1), 1-19 (1977), Wang and Hanson, J. Parenteral Set Tech., 42, 
S4-S6 (1988), U.S. Patents 6,165,779 and 6,225,289, and other references cited herein. 
Desirably, the pharmaceutical composition of the invention comprises less than about 100, 
preferably less than about 50, more preferably less than about 10, and most preferably less 
than about 5 (e.g., 1 or 0) types of proteins apart from the proteins of the viral vector 
particle. Advantageously, any proteins in the pharmaceutically acceptable composition are 
not intrinsically fluorescent and/or are not associated with non-protein fluorophores in the 
composition (e.g., NADH). The number of viral vector particles in the pharmaceutical 
composition can be quantified to determine whether the pharmaceutical composition is 
suitable for administration. For example, whether the dosage is correct can be evaluated 
(e.g., whether a desired dose of viral gene transfer vector particles is present). Alternatively 
or additionally, the number of intact viral vector particles can be determined to assess 
whether the number and/or percentage of intact viral vector particles in the pharmaceutical 
composition is acceptable for administration to a patient. 

[0087] The fluorescence detection methods of the invention can be combined with 

any number of other fluorescence detection techniques. For example, the viral vector 
particle can be assessed for its mass or shape. Mass or shape of the viral vector particle can 
be determined using techniques involving point excitation and/or point collection of 
emissions, combinations of reflective mirrors, or CCD cameras, which are known in the art. 
Such methods can provide an additional technique for determination of the quality and/or 
number of the viral vector particles in the medium. 

[0088] The invention also provides a method of evaluating the viral vector particle 

content of a medium. In this respect, a medium is provided and contacted with an excitation 
radiation having an excitation wavelength such that if a viral vector particle is in the 
medium an intrinsically fluorogenic portion of the viral vector particle will emit radiation 
having an emission wavelength at about 560-590 nm. The viral vector particle content (e.g., 
adenoviral vector content) of the medium is then evaluated by determining whether the 
medium emits radiation at about 560-590 nm. 
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[0089] The medium can be any medium described herein, including, for example, 

cells or a tissue infected with the viral vector particle, such as a tissue culture or a tissue 
located in a host. A tissue located in a host is desirably at least part of a discrete structure or 
organ (e.g., the eye, a tumor, a heart or portion thereof (for example, the myocardium or the 
heart chamber), the brain, the spinal cord, a nerve or nerves, a skeletal muscle, or a blood 
vessel). The medium can also be a medium other than plasma or a medium that is not a 
native substance from an organism (e.g., a pharmaceutical composition, a tissue culture, or a 
cell line). 

[0090] This method can be used to detect the presence or absence of any viral vector 

particle (such as an adenoviral vector particle) which includes an intrinsically fluorogenic 
portion that produces fluorescent emissions having an emission wavelength at about 560- 
590 nm, more precisely about 570-580 nm, and even more precisely about 574 run, when 
contacted with an excitation energy. Any suitable excitation energy described herein can be 
used. Preferably, the excitation energy maximizes viral vector particle-associated 
fluorescent emissions at about 574 nm. The method also can be practiced with components 
of such viral vectors, such as a viral protein or substantial homolog thereof, which has an 
emission wavelength of about 560-590 nm. 

[0091] It has been discovered that viral vector particles can be detected by such 

emission wavelengths which are significantly higher than the emission wavelengths 
associated with fluorogenic amino acids (e.g., tryptophan) or nucleic acid bases (e.g., 
uracil). Moreover, detection at such wavelengths offers greater selectivity and possibly 
greater sensitivity in detection. 

[0092] As described in connection with other aspects of the present invention, the 

medium can be provided by contacting a chromatography resin with a viral vector particle- 
containing composition and eluting the viral vector particle from the chromatography resin. 
Preferably, if a viral vector particle is in the composition, it will elute at a known (i.e., 
standard) time. The portion of the composition which would contain a viral vector particle, 
if present, is used as the medium, thereby verifying that any detected emission wavelengths 
at about 560-590 nm originate from the viral vector particle rather than some other 
fluorogenic molecule. 

[0093] When the medium contains a viral vector particle, the method can further 

include quantifying the number of viral vector particles, by using the quantification 
techniques described herein. Thus, for example, the intensity of the emitted radiation 
associated with the intrinsically fluorogenic portion of the viral vector particle can be 
determined, and the number of viral vector particles in the medium can be quantified by 
comparing the intensity of the detected radiation with a standard signal. 
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[0094] The identification and/or quantification of viral vector particles (including 

the number of defective, empty, or otherwise damaged particles) by fluorescence detection 
can be verified. For example, the method can further include detecting the mass or shape of 
any fluorescent molecule in the medium emitting radiation at about 560-590 nm, using 
techniques described herein or otherwise known in the art. 

[0095] The invention further provides a method of evaluating the adenoviral vector 

particle content of a medium through fluorescence detection. It has been discovered that 
wild-type adenoviral vectors include a capsid which consists essentially of intrinsically 
fluorogenic proteins. Thus, any adenoviral vector containing a wild-type capsid protein, or 
a substantial homolog thereof, will include an intrinsically fluorogenic portion. In view of 
these fluorogenic properties, adenoviral vector particles are particularly well suited for 
fluorescence detection. 

[0096] In this respect, a medium, which can be any medium as described herein, is 

contacted with an excitation radiation such that, if an adenoviral vector particle is in the 
medium, an intrinsically fluorogenic portion of the adenoviral vector particle will emit 
radiation having an emission wavelength indicative (i.e., characteristic) of an adenoviral 
vector particle. The excitation radiation can have any suitable excitation wavelength. 
Typically, adenoviral vectors are associated with excitation wavelengths of about 220-240 
nm, about 270-290 nm, or both; more precisely about 230-240 nm, about 280-290 nm, or 
both; and even more precisely about 235 nm, about 284 nm, or both. 

[0097] The adenoviral vector particle content of the medium is evaluated by 

determining whether radiation having an emission wavelength indicative of the presence or 
absence of an adenoviral vector particle is emitted upon contacting the medium with the 
excitation radiation. This determination is arrived at by comparing the detected emission 
wavelengths with emission wavelengths normally associated with adenoviral vectors. Any 
suitable wavelength or combination of wavelengths indicative of an adenoviral vector can 
be used. Typically, adenoviral vector-associated emission wavelengths include wavelengths 
at about 320-340 nm, about 560-590 nm, or both; more precisely about 328-332 nm, about 
570-580 nm, or both; and even more precisely at about 330 nm, about 574 nm, or both. 
[0098] As described in connection with other aspects of the present invention, the 

medium can be provided by contacting a chromatography resin with an adenoviral vector- 
containing composition and eluting the adenoviral vector from chromatography resin. 
Preferably, if an adenoviral vector particle is in the composition, it will elute at a known 
(i.e., standard) time. The portion of the composition which would contain an adenoviral 
vector particle, if present, is used as the medium. 

[0099] When the medium contains an adenoviral vector particle, the method can 

further include quantifying the number of adenoviral vector particles, by using the 
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quantification techniques described herein. Thus, for example, the intensity of the emitted 
radiation associated with the intrinsically fluorogenic portion of the adenoviral vector 
particle can be determined, and the number of adenoviral vector particles in the medium can 
be quantified by comparing the intensity of the detected radiation with a standard signal. 
Preferably, quantification of adenoviral vector particles is performed using an excitation 
wavelength of about 270-295 nm (e.g., 284 nm) and an emission wavelength of about 560- 
590 nm (e.g. 574 nm). 

[00100] The identification and/or quantification of adenoviral vector particles 

(including the number of damaged particles) by fluorescence detection can be verified. For 
example, the method can further include detecting the mass or shape of any fluorescent 
molecule in the medium emitting radiation at wavelengths indicative of adenoviral vector 
particles, using techniques described herein or otherwise known in the art. 
[00101] The inventive methods also can include separation and identification of the 

intrinsically fluorogenic portion of the viral vector particle or components thereof. The 
fluorogenic portion and its components can be separated by any suitable method. For 
example, the components of a chemically disassociated viral vector particle can be 
electrophoretically separated, based on size and/or charge. Preferably, separation of the 
fluorogenic portion or its components is performed by reverse phase chromatography. 
These separated components can be subjected to fluorescence detection to identify and/or 
characterize the fluorogenic portion of the viral vector particle. 

[00102] The invention additionally provides a method of evaluating the intrinsically 

fluorogenic adenoviral structural protein content of a medium. An intrinsically fluorogenic 
adenoviral structural protein is any adenoviral protein that is a wild-type adenoviral protein 
or a substantial homolog, which is intrinsically fluorogenic, and which normally forms a 
part of, or which can be made a part of, an adenoviral capsid. Such proteins can be 
obtained, for example, by performing reverse phase chromatography, or other separation 
methods discussed herein or known in the art, on an adenoviral vector particle. 
Alternatively, such proteins can be produced by any other suitable technique (e.g., by 
recombinant DNA technology). 

[00103] In this respect, a medium is provided, which can be any medium discussed 

herein, and contacted with an excitation radiation having an excitation wavelength, such 
that if an intrinsically fluorogenic adenoviral structural protein is in the medium it will emit 
radiation having an emission wavelength characteristic of an intrinsically fluorogenic 
adenoviral structural protein. The adenoviral protein content of the medium is evaluated by 
detennining whether radiation having an emission wavelength characteristic of an 
intrinsically fluorogenic adenoviral structural protein is emitted from the medium. 
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[00104] The medium can be provided by the use of chromatography to separate a 

composition containing an intrinsically fluorogenic adenoviral structural protein, such that 
an eluted portion of the composition will contain an adenoviral vector structural protein, if 
present, as described herein. Moreover, the method can include quantification of the 
number of adenoviral structural proteins in the medium. The intrinsically fluorogenic 
adenoviral structural protein can be part of a larger complex, for example, a complex of 
proteins, or even part of a different type of vector. 

[00105] The present invention also provides a method of evaluating the viral vector 

particle content of a medium containing a structurally modified viral vector particle. A 
"structurally modified viral vector particle" is any viral vector particle that comprises a 
structure detectably different from that of its closest wild-type viral vector particle 
counterpart based on excitation wavelength(s), emission wavelength(s), emission intensity, 
or any other suitable fluorescence characteristic (e.g., quantum yield or lifetime). 
, [00106] The structurally modified viral vector particle can be modified in any 

suitable manner. Typically, the structurally modified viral vector particle is modified in that 
one or more of its structural proteins, typically one or more of its viral capsid proteins, 
comprise an amino acid sequence that differs from the sequence of a corresponding wild- 
type protein. For example, the structurally modified viral vector particle can comprise a 
structural protein modified by an insertion of an amino acid residue or amino acid sequence 
not present in the corresponding wild-type structural protein. Alternatively, the modified 
structural protein can comprise a deletion of an amino acid residue or sequence with respect 
to the corresponding wild-type sequence. The modified structural protein also can be 
modified by one or more substitutions of wild-type amino acid residues or sequences. Any 
suitable number of amino acid residues or sequences can be added, deleted, or substituted to 
form a modified structural protein that is incorporated into the structurally modified viral 
vector particle. Moreover, the structurally modified viral vector particle can comprise any 
suitable number of modified structural proteins. For example, the structurally modified 
viral vector can include at least two, at least three, at least five, or even more types of 
modified structural proteins, several copies of a particular type of modified structural 
protein (e.g., an adenoviral vector), several hundred copies of an individual modified 
protein (such as modified hexon), or a combination thereof. 

[00107] The modified structural protein or proteins and, thus, the structurally 

modified viral vector particle, can include any suitable number and combination of 
insertions, deletions, or replacements of amino acid sequences, or combinations thereof, so 
long as the structurally modified viral vector is detectably distinguishable from its nearest 
wild-type counterpart on the basis of excitation wavelength, emission wavelength, emission 
intensity, or other detectable fluorogenic characteristic. Desirably, the insertions, 
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replacements, and/or substitutions of amino acid sequences do not inhibit the desired 
function of the structurally modified viral vector particle (e.g., by rendering proteins non- 
functional or inducing an undesirable level of immune response to the structurally modified 
viral vector particle). Techniques for assessing whether the modifications to the vector 
particle will result in undesirable effects are known in the art and include, e.g., antibody 
binding assays, MHC I epitope sequence analysis, and receptor-ligand binding assays. 
[00108] Typically, the structurally modified viral vector particle (and, thus, the 

modified structural protein(s) thereof) will differ from its wild-type counterpart with respect 
to the number of aromatic residues (e.g., phenylalanine, tryptophan, tyrosine, or non- 
naturally occurring aromatic amino acids) in its structural proteins, most typically in the 
viral vector's capsid. Changes in the tryptophan content of the capsid are expected to result 
in the most dramatic changes to the fluorescence characteristics of the structurally modified 
viral vector particle. The tryptophan residues in an amino acid sequence are expected to 
typically "dominate" the fluorescence characteristics of the sequence over nearby 
phenylalanine and tyrosine residues, such that the fluorescent characteristics of a sequence 
in close proximity to one or more tryptophans will tend to resemble that of isolated 
tryptophan (i.e., favor an excitation wavelength of about 280 and/or an emission wavelength 
of about 348). Removal of tryptophan residues, or replacement of tryptophan residues with 
tyrosine residues or phenylalanine residues is also expected to result in a change in the 
fluorescent characteristics of the structurally modified viral vector particle, with respect to 
its wild-type counterpart, towards the fluorescent characteristics of tyrosine (e.g., an 
excitation wavelength of about 274 and/or an emission wavelength of about 303) or 
phenylalanine (e.g., an excitation wavelength of about 257 and/or an emission wavelength 
of about 282), depending upon which residue is added or left after the tryptophan deletion. 
Tyrosine residues generally are expected to have significantly more influence on the 
fluorescent properties of the amino acid sequence than phenylalanine residues. 
[00109] Deletions, insertions, and/or replacements of non-aromatic residues also can 

impact the fluorescence properties of the structurally modified viral vector particle by 
changing the three dimensional shape of the viral vector particle and/or its constituent 
structural proteins. Thus, for example, an adenoviral vector comprising a polylysine 
targeting-promoting sequence insertion or replacement in the adenoviral fiber protein is 
expected to exhibit fluorescence characteristics distinguishable from its wild-type (or at 
least non-structurally modified) counterpart. For example, insertions of Asp or Glu residues 
near Trp residues can silence (e.g., through quenching) the fluorogenic effects of the Trp 
residues. Moreover, non-exposed Trp residue-containing sequences (e.g., Trp residues 
positioned in the hydrophobic core of a peptide sequence) are expected to exhibit a shift of 
10-20 nm in their emission wavelength compared to isolated tryptophan residues and/or 
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exposed tryptophan residues. As such, the insertion of non-aromatic amino acid residues at 
the exterior of the structurally modified viral vector can lower the emission wavelength of 
the viral vector compared to its nearest wild-type counterpart. 

[00110] The structurally modified viral vector particle can include a combination of 

non-aromatic and aromatic amino acid residue insertions, replacements, or substitutions. 
Thus, for example, a structurally modified adenoviral vector particle can comprise a 
polytryptophan sequence inserted into an adenoviral capsid protein in addition to a 
polylysine targeting-promoting sequence being inserted in the adenoviral fiber protein. 
[00111] The structurally modified viral vector can be produced by any suitable 

technique. Typically, a polynucleotide encoding a structural protein of a wild-type 
intrinsically fluorogenic viral vector particle is obtained and modified by deletion, insertion, 
or replacement of amino acid sequences (e.g., by insertion of at least one heterologous 
tyrosine residue-encoding codon, at least one heterologous tryptophan-encoding codon, or 
combination thereof). Modifications to the structural protein-encoding polynucleotide 
sequence can be performed using standard techniques such as those described in, e.g., 
Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Press 1989) and the third edition thereof (2001), Ausubel et al., Current Protocols in 
Molecular Biology (Wiley Interscience Publishers 1995), Mulligan, Science 260, 926- 
932 (1993), Friedman, Therapy For Genetic Diseases (Oxford University Press, 1991), 
Ibanez et al., EMBO J., 10, 2105-10 (1991), Ibanez et al., Cell, 69, 329-41 (1992), and U.S. 
Patents 4,440,859, 4,530,901, 4,582,800, 4,677,063, 4,678,751, 4,704,362, 4,710,463, 
4,757,006, 4,766,075, and 4,810,648. 

[00112] A simple but effective technique for preparing a structurally modified viral 

vector particle comprises inserting a polynucleotide coding for expression of the modified 
structural protein into (or otherwise combined with) a polynucleotide coding for the 
production of a viral vector particle to produce the structurally modified viral vector 
particle. The structural protein can be inserted into the polynucleotide coding for the 
production of the viral vector particle by any suitable technique. In some situations, 
standard molecular biotechnology techniques (e.g., application of restriction enzyme 
digestion and polynucleotide ligation) can be used to produce a sequence coding for an 
entire viral genome, which is directly transfected by suitable techniques into a cell capable 
of producing the viral vector from the recombinant polynucleotide. 

[00113] In other situations, an intermediate step of combining the sequence coding 

for the modified structural protein with a portion of the viral genome is performed and 
followed by combination of the recombinant genome portion with the remaining portion or 
portions of the viral genome. Typically, homologous recombination of the genome portion 
by co-transfection of the polynucleotide sequences into a suitable host cell and, 
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subsequently, resulting in a polynucleotide encoding the structurally modified viral vector 
particle will occur upon production of the structurally modified viral vector. By way of 
example, techniques for the production of adenoviral vectors through co-transfection and 
homologous recombination of more than one polynucleotide sequences are described in, 
e.g., Chinnadurai et al., J. Virol, 32, 623-28 (1979), Berkner et al., Biotechniques, 6, 616-28 
(1998), Chartier et al., J. Virol, 70, 4805-10 (1996), and International Patent Application 
WO 96/25506. A preferred homologous recombination technique for the production of 
adenoviral vectors is described in International Patent Application WO 99/15686. 
Alternatively, ligation techniques such as the techniques described in, e.g., Stow, J. Virol, 
37(1), 171-80 (1981), Stow, Nucl Acids Res., 10(17), 5105-19 (1982), and Berkner et al., 
Nucl Acids Res., 11(17), 6003-20 (1983), can be used. The sequence coding for the 
production of a viral vector can be for a modified viral vector (e.g., a viral gene transfer 
vector). For example, the sequence can code for the production of a replication-deficient 
vector (e.g., an El-deficient, E2-deficient, E3-deficient, and/or E4-deficient adenoviral 
vector). The sequence coding for the production of the viral vector particle usually and 
preferably does not contain a gene coding for wild-type protein corresponding to the 
modified structural protein. For example, where insertion of a modified or non-native fiber 
protein in an adenoviral vector is sought, the native fiber protein-encoding sequence will 
typically be removed prior to recombination with the portion encoding the modified fiber. 
It will be appreciated that these techniques can be applied to more than one modified 
structural protein-encoding sequences where modification of more than one of the viral 
vector particle's proteins is desired. 

[00114] The structurally modified viral vector particle of the invention can be derived 

from any suitable type of virus, such as those described elsewhere herein. Preferred 
structurally modified viral vector particles are derived from nonenveloped viruses and retain 
an icosahedral capsid as described elsewhere herein. Preferred structurally modified viral 
vector particles are derived from adenoviruses, HSV, and AAV. 

[00115] In a particularly preferred aspect, the structurally modified viral vector 

particle is a targeted viral vector particle, where the amino acid residue or sequence 
insertion(s), substitution(s), and/or replacement(s) modify the host cell tropism of the viral 
vector particle. The targeted viral vector particle can be derived from any suitable wild-type 
viral vector particle. Examples of targeted viral vector particles include those described in, 
e.g., U.S. Patents 6,261,554 and 6,251,654, European Patent Applications 1 002 119 and 1 
038 967, International Patent Applications WO 92/06180, WO 94/10323, WO 97/38723, 
and WO 01/28569, Engelstadter et al., Gene Ther, 8(15), 1202-6 (2001), van Beusechem et 
al., Gene Ther., 7(22), 1940-6 (2000), Boerger et al., Proc. Natl Acad. Sci. USA, 96(17), 
9867-72 (1999), Bartlett et al., Nat. Biotechnol, 17(2\ 181-6 (1999), Girod et al., Nat. 
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Med., 5(9), 1052-56 (as modified by the erratum in Nat. Med., 5(12), 1438) (1999), and 
Laquerre et aL, J. Virol, 72(12), 9683-97 (1997). 

[00116] Preferably, the targeted viral vector particle is a targeted adenoviral vector 

particle. The targeted adenoviral vector particle can include any suitable combination of 
amino acid insertions, deletions, or replacements in the adenoviral fiber, penton, pIX, pllla, 
or hexon proteins, or any suitable combination thereof, including insertions of various 
native or non-native ligands into portions of such coat proteins. Examples of targeted 
adenoviral vector particles are described in, e.g., U.S. Patents 5,871,727, 5,885,808, and 
5,922,315. Preferred targeted adenoviral vector particles include those described in 
Wickham et al., J. Virol, 71(10), 7663-9 (1997), Cripe et aL, Cancer Res., 61(7), 2953-60 
(2001), van Deutekom et al., J. Gene Med., 1(6), 393-9 (1999), McDonald et al., J. Gene 
Med, 1(2), 103-10 (1999), Staba et al., Cancer Gene Ther., 7(1), 13-9 (2000), Wickham, 
Gene Ther., 7(2), 110-4 (2000), Kibbe et aL, Arch. Surg., 135(2), 191-7 (2000), Harari et 
aL, Gene Ther., 6(5), 801-7 (2000), Bouri et aL, Hum Gene Ther., 10(10), 1633-40 (1999), 
Wickham et al., Nat Biotechnol, 14(11), 1570-3 (1996), Wickham et al., Cancer Immunol 
Immunother., 45(3-4), 149-51 (1997), and Wickham et al., Gene Ther., 2(10), 750-6 (1995), 
and U.S. Patents 5,559,099; 5,712,136; 5,731,190; 5,770,442; 5,801,030; 5,846,782; 
5,962,311; 5,965,541; 6,057,155; 6,127,525; and 6,153,435; and International Patent 
Applications WO 96/07734, WO 96/26281, WO 97/20051, WO 98/07865, WO 98/07877, 
WO 98/40509, WO 98/54346, WO 00/15823, and WO 01/58940. Particularly preferred 
targeted adenoviral vector particles comprise modified structural proteins that include one 
or more polylysine sequences inserted into the adenoviral fiber protein, such as the vectors 
described in U.S. Patent 5,965,541. 

[00117] The structurally modified viral vector particle of the invention can be a viral 

gene transfer vector comprising a heterologous nucleic acid sequence (e.g., a sequence 
encoding a therapeutic gene, such as a cancer therapeutic, an angiogenic factor, an anti- 
angiogenic factor, or a neurotrophic factor.) Thus, the heterologous nucleic acid sequence 
can encode, for example, a tumor necrosis factor-cc (TNF-a) gene, a vascular endothelial 
growth factor (VEGF) gene (e.g., a non-heparin-binding VEGF-encoding gene, such as a 
VEGF121 gene), a pigment epithelium-derived factor (PEDF) gene, an atonal-associated 
factor gene (e.g., a HATH-1 gene), or an inducible nitric oxide synthase (iNOS) gene, in 
combination with native and/or heterologous regulatory sequences (e.g., a CMV IE 
promoter/enhancer and/or a SV40 polyA region sequence). Examples of suitable viral gene 
transfer vectors include those described in e.g., Buschacher et aL, Blood, 5(8), 2499-504, 
Carter, Contrib. Microbiol, 4, 85-86 (2000), Smith-Arica, Curr. Cardiol Rep., 3(1), 41-49 
(2001), Taj, J. Biomed. Set, 7(4), 279-91 (2000), Vigna et al., J. Gene Med, 2(5), 308-16 
(2000), Klimatcheva et aL, Front. Biosci., 4, D481-96 (1999), Lever et al., Biochem. Soc. 
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Trans,, 27(6), 841-47 (1999), Snyder, J. Gene Med., 1(3), 166-75 (1999), Gerich et aL, 
Knee Surg. Sports Traumatol Arthrosc, 5(2), 118-23 (1998), and During, Adv. DrugDeliv. 
Review, 27(1), 83-94 (1997), and U.S. Patents 4,797,368, 5,139,941, 5,173,414, 5,614,404, 
5,658,785, 5,858,775, and 5,994,136, as well as other references discussed elsewhere 
herein. The construction of recombinant viral vectors is well understood in the art. For 
example, adenoviral vectors can be constructed and/or purified using the methods set forth, 
for example, in Graham et aL, Mol Biotechol, 33(3), 207-220 (1995), U.S. Patents 
5,922,576, 5,965,358 and 6,168,941 and International Patent Applications WO 98/22588, 
WO 98/56937, WO 99/15686, WO 99/54441, and WO 00/32754. Adeno-associated viral 
vectors can be constructed and/or purified using the methods set forth, for example, in U.S. 
Patent 4,797,368 and Laughlin et aL, Gene, 23, 65-73 (1983). Similar techniques are known 
in the art with respect to other viral vectors, particularly with respect to herpes viral vectors 
(see e.g., Lachman et aL, Curr. Opin. Mol. Ther., 1(5), 622-32 (1999)), lentiviral vectors, 
and other retroviral vectors. 

[00118] The structurally modified viral vector particle can be a member of a 

collection of modified vector particles comprising different structural modifications, e.g., 
comprising different ligands incorporated into surface of the viral vector, such as in a 
genetic library. Indeed, viral vectors, in particular adenoviral vectors, can be constructed to 
comprise an assortment of capsid modifications and, in turn, can be used to identify novel 
ligands for vector targeting, characterize the function and importance of endogenous coat 
proteins via mutation analysis, and the like. Accordingly, the present inventive method has 
utility as a method of screening viral vector particle libraries for a desired structural 
modification. The present inventive method can be used as a preliminary screen to identify 
viral vector particles comprising any structural modification in a pool of modified and 
unmodified viral vector particles. The present inventive method also can be used to 
characterize particular modifications of the viral vector coat protein such as, for instance, 
the incorporation of non-native ligands into the fiber, penton, hexon, pIX, pllla, or pVI, or 
modifications that prevent recognition of the structurally modified viral vector particle by 
antibodies or other blood-borne proteins that are directed to wild-type virus. Genetic 
libraries consisting of viral vectors, in particular adenoviral vectors, are further described in 
International Patent Application WO 01/59071. 

[00119] The structurally modified viral vector particle content of a medium is 

evaluated by providing a medium and contacting the medium with an excitation energy such 
that, if a structurally modified viral vector particle is in the medium, an intrinsically 
fluorogenic portion of the structurally modified viral vector particle will emit radiation 
having an emission wavelength and an intensity that is characteristic of the structurally 
modified viral vector particle. The structurally modified viral vector particle content of the 
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medium is typically determined by comparing the emission wavelength and/or intensity 
detected with a standard signal. A standard signal is any suitable signal as described herein. 
[00120] The medium can be any medium described herein, including, for example, 

cells or a tissue infected with the structurally modified viral vector particle, such as a tissue 
culture, a tissue obtained from (e.g., a tissue sample removed from a host through surgical 
techniques), or a tissue located in a host. A tissue removed from and/or located in a host 
will desirably comprise at least part of a discrete structure or organ (e.g., the eye, the lung, 
the kidney, the liver, a tumor, a gland, a limb (e.g., a leg), a bone or bone region, a heart or 
portion thereof (for example, the myocardium, pericardium, or the heart chamber), the 
brain, the spinal cord, a nerve or nerves, a skeletal muscle, or a discrete blood vessel or 
collection of blood vessels (e.g., a heart-associated blood vessel such as the aorta or 
pulmonary artery)), rather than a non-discrete biological substance such as plasma. As 
described elsewhere herein, the medium typically will not be a native substance from an 
organism, but rather will comprise an artificial medium, such as a pharmaceutical 
composition, a tissue culture, or a cell line. 

[00121] A suitable medium can be prepared by administering a first viral vector 

particle and a second viral vector particle to the medium. The first viral vector particle and 
the second viral vector particle, or both, can be structurally modified viral vector particles. 
Preferably, the first viral vector particle has a first host cell tropicity (either a wild-type or 
modified tropicity obtained through targeting) and a first set of fluorescence characteristics 
(either corresponding to the wild-type fluorescence characteristics of an intrinsically 
fluorogenic viral vector particle or as modified by the inclusion of one or more modified 
structural proteins) and the second viral vector particle has a second host cell tropicity and a 
second set of fluorescence characteristics, where the first and second set of fluorescence 
characteristics detectably differ with respect to one or more excitation wavelength(s), 
emission wavelength(s), emission intensity, or a combination thereof. 

[00122] Using techniques described above, a stock of structurally modified viral 

vector particles can be obtained (e.g., a stock of viral vectors comprising at least one 
structural protein of an intrinsically fluorogenic viral vector that includes at least one 
heterologous tryptophan residue, at least one heterologous tyrosine residue, or both). The 
techniques also can be repeated to produce a stock of at least two different viral vector 
particles, where the viral vector particles of the stock differ with respect to at least one 
modified structural protein. Such stocks can include one wild-type viral vector particle and 
one structurally modified viral vector particle, or two or more structurally modified viral 
vector particles. In a preferred aspect, a stock is produced that comprises a first viral vector 
particle having a first host cell tropicity and a first set of fluorescence characteristics and a 
second viral vector particle having a second host cell tropicity and a second set of 
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fluorescence characteristics, where the first and second set of fluorescence characteristics 
detectably differ with respect to one or more excitation wavelength(s), emission 
wavelength(s), emission intensity, or a combination thereof, as described above. 
[00123] In such aspects, the first viral vector particle, the second viral vector particle, 

or both, also can comprise heterologous nucleic acid sequences. Thus, for example, the 
stock can comprise a population of a first replication-deficient adenoviral vector particle, 
having wild-type fluorescence characteristics (i.e., being non-structurally modified) and 
containing a first transgene (e.g., a VEGF gene, such as human VEGF121 or VEGF189) and a 
population of a second (structurally modified) replication-deficient adenoviral vector 
comprising a second transgene (e.g., a gene which is desirably expressed at different times 
or in different areas of the body with respect to the VEGF gene, such as an angiopoietin-1 
(Ang-1) gene, developmental endothelial locus- 1 (Del-1) gene, or HBNF gene). 
[00124] The ability to distinguish between different viral vector particles in a medium 

or a stock is useful in several respects. For example, the location of the first viral vector 
particle with respect to the second viral vector particle in different parts of a cell culture, 
tissue, organ, or throughout a body (e.g., in a human patient) can be determined by applying 
an excitation energy suitable to induce fluorescence of the first viral vector particle, second 
viral vector particle, or both, in the area of interest. Applying such techniques also can 
permit the ordinary artisan to assess the effectiveness of a particular targeting strategy for 
targeted viral vectors (by detecting where such targeted vectors are in the medium) or to 
otherwise assess the spread of viral vector particles throughout a medium (e.g., a tissue or 
organ) upon administration. By quantifying the number of first viral vector particles, 
second viral vector particles, or both (using techniques described herein for quantifying 
viral vector particles by fluorescence), the artisan can determine whether a proper dose of a 
desired viral vector particle, or combination of viral vector particles, to a particular location 
in a culture, tissue, organ, or body has been established or maintained. Similar techniques 
also can be applied during manufacturing or storage of viral vector particles, for example, to 
ensure the contents of a composition containing a viral vector particle correspond to a 
particular desired viral vector particle. 

[00125] Furthermore, by applying the above-described techniques, a medium 

suspected of containing one or more wild-type viral vector particles and one or more 
structurally modified viral vector particles can be evaluated. In this respect, the medium is 
provided and contacted with an excitation energy such that an intrinsically fluorogenic 
portion of the wild-type viral vector particle will emit radiation having an first emission 
wavelength and a first intensity that is characteristic of the wild-type viral vector particle 
and an intrinsically fluorogenic portion of the structurally modified viral vector particle will 
emit radiation having a second emission wavelength and a second intensity that is 
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characteristic of the structurally modified viral vector particle. The viral vector particle 
content of the medium is evaluated by detecting the emission wavelength and intensity and 
determining whether the first emission wavelength and first intensity, second emission 
wavelength and second intensity, or a combination thereof is detected. The determination 
can be made, for example, by comparing the detected wavelengths and intensity with the 
emission wavelengths and intensity normally associated with the wild-type viral vector 
particle and the modified viral vector particle, which can be obtained from a first standard 
signal and a second standard signal, respectively. The standard signal can be any suitable 
signal as described herein. Any suitable wavelength or combination of wavelengths can be 
administered to the sample. 

[00126] The present invention also provides a method of evaluating viral vector 

particle interactions in a medium. A viral vector particle interaction occurs when a viral 
vector particle interacts with an interacting-molecule. An interacting-molecule is any 
molecule that detectably interacts with the viral vector particle. The interacting-molecule 
can be any suitable molecule. Most often, the interacting molecule will comprise or consist 
of one or more peptides, complex carbohydrates, carbohydrate polymers, or high molecular 
weight lipids. Typically, the interacting-molecule will be an antibody (e.g., an anti- 
adenovirus neutralizing antibody), an antibody fragment, or a viral receptor (e.g., a CAR 
receptor and/or MHC I receptor which interacts with wild-type adenovirus), which may be 
attached to a cell or be a soluble receptor. 

[00127] The viral vector particle interaction with an interacting-molecule can be 

evaluated by providing a medium and contacting the medium with an excitation energy such 
that an intrinsically fluorogenic portion of the viral vector particle will emit radiation having 
an first emission wavelength and a first intensity if the viral vector particle does not interact 
with an interacting-molecule, and an intrinsically fluorogenic portion of the modified viral 
vector particle or the viral vector particle: interacting-molecule complex will emit radiation 
having a second emission wavelength and a second intensity if the viral vector particle 
interacts with an interacting-molecule. The viral vector in this respect can be a wild-type 
viral vector particle, a non-wild-type viral vector particle that is unmodified with respect to 
its structure, or a structurally modified viral vector particle. 

[00128] Viral vector particle interactions in a medium are evaluated by detecting the 

emission wavelength and intensity and determining whether the first emission wavelength 
and first intensity, second emission wavelength and second intensity, or a combination 
thereof is detected. For example, the emission wavelengths and intensities can be compared 
to the emission wavelengths and intensity normally associated with a non-interacting viral 
vector particle and a viral vector particle that is interacting with an interacting molecule, 
which can be obtained from a first standard signal and a second standard signal, 
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respectively. A standard signal is any suitable signal as described herein. Any suitable 
wavelength or combination of wavelengths can be used. 

[00129] Numerous alternative and equivalent techniques and devices to those 

described herein as useful in the context of the present invention are possible. Several of 
such techniques and devices are known in the art, and are described in, for example, Brand, 
L. and Johnson, MX., Eds., Fluorescence Spectroscopy (Methods in Enzymology, Volume 
278), Academic Press (1997); Cantor and Schimmel, Biophysical Chemistry, W.H. Freeman 
& Co. (New York) (11th Printing 1998), Dewey, T.G., Ed., Biophysical and Biochemical 
Aspects of Fluorescence Spectroscopy, Plenum Publishing (1991); Guilbault, G.G., Ed., 
Practical Fluorescence, Second Edition, Marcel Dekker (1990); Lakowicz, J.R., Ed., Topics 
in Fluorescence Spectroscopy: Techniques, Volumes 1-5 (1991); Plenum Publishing; 
Lakowicz, J.R., Principles of Fluorescence Spectroscopy, Second Edition, Plenum 
Publishing (1999); and Sharma, A. and Schulman, S.G., Introduction to Fluorescence 
Spectroscopy, John Wiley and Sons (1999). 

EXAMPLES 

[00130] The following examples further illustrate the present invention but should 

not be construed as in any way limiting its scope. 

i 

Example 1 

[00131] This example demonstrates the identification of excitation and emission 

wavelengths for the intrinsically fluoro genie portion of a viral vector particle. 
[00132] A 100 |Ltl solution containing approximately 1.3 x 10 9 anion exchange 

chromatography-purified, wild-type adenovirus particles (serotype 5) was obtained. No 
fluorescent dyes or fluorophores were in, or added to, the solution. The solution was placed 
in a Hewlett Packard 1100 scanning Fluorescence Detector, equipped with a xenon flash 
excitation radiation source and a PMT detector. The solution was scanned to determine 
whether the adenovirus particles were intrinsically fluorogenic by contacting the solution 
with UV radiation emitted from the xenon flash lamp at wavelengths between 220 nm and 
250 nm. An emission peak was detected when the solution was contacted with excitation 
radiation having an excitation wavelength at about 235 nm. Thus, it was determined that 
the adenovirus particles contain a natoally-occurring intrinsically fluorogenic portion. 
[00133] Emission wavelengths then were scanned by fixing the excitation radiation at 

235 nm (+/- 10 nm), contacting the solution with the excitation radiation, and detecting 
whether fluorescent emissions having emission wavelengths of between 300 nm and 600 
nm were produced. A prominent emission wavelength was observed at about 330 nm. 
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[00134] Excitation wavelengths were re-scanned by fixing detected emission 

wavelengths at 330 nm and scanning excitation wavelengths from 200 nm to 300 nm. Two 
excitation wavelengths, one at about 234 nm and another at about 284 nm, which resulted in 
significant fluorescent emissions at 330 nm, were observed. 

[00135] Emission wavelengths were then re-scanned by fixing the excitation 

wavelength at 281 nm (+/- 10 nm) and detecting whether fluorescent emissions having 
emission wavelengths of between 300 nm and 700 nm were produced. Two emission 
wavelengths were observed: one at about 330 nm, and, surprisingly, a second emission 
wavelength at about 574 nm, which is well above emission wavelengths associated with 
aromatic amino acids (282-348 nm), pyrimidine nucleotide bases (260-275 nm), and purine 
nucleotide bases (260-267 nm). Fluorescent emissions at the 574 nm emission wavelength 
were determined to be more selective for the adenovirus particles (i.e., emissions at this 
wavelength tended to be associated with less background fluorescence and/or undesired 
excitation of other molecules in the solution) and resulted in significantly higher emission 
intensity than at 330 nm, indicating that this emission wavelength was the optimum 
wavelength, and, thus, also capable of providing the most sensitive detection. 
[00136] The results of these experiments demonstrate how excitation wavelengths 

and emission wavelengths can be determined for a viral vector particle containing an 
intrinsically fluorogenic portion, such as an adenoviral vector particle. The results also 
demonstrate that viral vector particles which are associated with more than one excitation 
emission wavelength can be detected using the method of the invention, and that such 
wavelengths can be exploited to provide more sensitive and/or more selective viral vector 
particle detection. Furthermore, these results demonstrate that viral vector particles having 
an emission wavelength of between 560-590 nm can be detected by fluorescent detection. 

Example 2 

[00137] This example demonstrates the relationship between emission intensity and 

total number of adenoviral vector particles in a medium. 

[00138] A medium containing 3.84 x 10 9 unmodified serotype 5 adenovirus particles 

was subjected to six repeated 1:3 serial dilutions. At each dilution of the medium, three 100 
|ul samples of the diluted medium were obtained and subjected to excitation radiation at 235 
nm and fluorescence detection using a Hewlett Packard 1100 Fluorescence Detector, as 
described in Example 1. The excitation radiation wavelength was set at 235 nm. 
[00139] Emission radiation having an emission wavelength of 330 nm and the 

corresponding intensity of the emission wavelength for each of the samples was detected by 
a PMT contained in the fluorescence detector. Intensity was measured in relative light units 
(RLUs). An emission spectrum corresponding to detected emission wavelengths and 
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intensities was produced. The area under each peak in the emission spectrum was 
integrated by ChemStation 3D version 8.0 (Hewlett Packard). Integrated peak areas for 
each sample at each dilution were averaged except for results which varied more than 5% 
from the mean peak area at a given dilution which were not considered. The results of these 
experiments are presented in Table 2. 



Table 2 —Adenovirus Particle Number and Fluorescence Intensity 



Estimated Number of Adenovirus Particles in 
the Diluted Medium 


Fluorescence Intensity (RLU) 


5.27 x 10 6 


9.6 


1.58 x 10 7 


26 


4.74 x 10 7 


84 


1.42 xlO 8 


273 


4.27 x 10 8 


876 


1.28 xlO 9 


2525 



[00140] These results were plotted on a graph of the number of adenovirus particles 

in the diluted medium versus the intensity of the fluorescence intensity. The plotted data 
formed a line. The linear nature of the relationship between viral vector particle number 
and fluorescent intensity was confirmed by linear regression analysis. The regression 
coefficient was determined to be 0.9998. 

[00141] These results show that mediums containing viral vector particles which 

include an intrinsically fluorogenic portion exhibit fluorescence intensity in a linear 
relationship to the number of viral vector particles in the medium, and, thus, are subject to 
quantification by fluorescent detection. The results further demonstrate that this linear 
relationship extends across a wide range of total viral vector particle numbers (e.g., from 
about 5.27 x 10 6 particles to about 1.28 x 10 9 particles). Thus, the present invention 
provides a method of quantifying the number of viral vector particles in a medium by 
fluorescent detection. 

Example 3 

[00142] This example demonstrates numerous aspects of the present inventive 

method including the increased sensitivity of the inventive method over presently used UV 
spectrophotometry-based techniques, as well as the relative quantification of intact 
adenovirus particles and the relative quantification of defective and empty adenovirus 
particles by fluorescence detection in various mediums. 
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[00143] Cells infected with unmodified serotype 5 adenovirus were harvested to 

obtain a crude cell lysate using standard techniques. A sample of the crude cell lysate was 
obtained. 

[00144] Two additional samples were prepared as follows: Two aliquots of the 

remaining cell lysate were obtained and subjected to purification by contact with an anion 
exchange high performance liquid chromatography column (AE-HPLC) as described in 
International Patent Application WO 99/54441, or by separation on a cesium chloride 
density gradient repeated three times (i.e., triple, or 3x, CsCl density gradient purification). 
Volumes equal to the crude lysate sample were obtained for both purified samples. 
[00145] Yet two more samples were prepared as follows: Another aliquot of the cell 

lysate was subjected to AE-HPLC purification followed by one time (i.e., lx) CsCl density 
gradient purification. After lx CsCl density gradient purification, two distinct bands on the 
AE-HPLC column eluant (an upper and lower band), corresponding to the purified AE- 
HPLC eluant were observable. Samples extracted from each band, in a volume equal to the 
aforementioned samples, were obtained to provide an upper band sample and a lower band 
sample. Mass spectrometry analysis determined that the upper band sample contained 
higher quantities of incompletely processed (i.e., empty and defective) adenovirus particles 
than the lower band sample, and even more defective and empty particles than the crude cell 
lysate. 

[00146] Each of the aforementioned five samples was divided into three equal 

volumes. The equal volumes were separately injected into an analytical chromatography 
column which was connected to both a UV spectrophotometer and the fluorescence detector 
described in Example 1 . Thus, the portions of the samples eluted from the analytical 
column were subjected to UV spectrophotometry-based absorbance analysis as well as 
excitation and fluorescence detection almost immediately following elution. The time of 
elution from the analytical column and absorbance of fluorescence detection were 
determined. Elution times for viruses detected by absorbance and excitation varied by 1 
second or less. 

[00147] Absorbance quantification was performed at 260 nm for each portion eluted 

from the analytical column using standard techniques. The eluant obtained from the first 
equal volume of each sample was contacted with excitation radiation having an excitation 
wavelength (Ex) of 235 nm. This was followed by fluorescence detection at the 330 nm 
emission wavelength (Em). The eluants obtained from the second and third equal volumes 
of each sample were contacted with excitation radiation at 284 nm, which was followed by 
fluorescence detection at either the 330 nm or 574 nm emission wavelength, respectively. 
Fluorescent intensity in all cases was measured in relative light units. 
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[00148] Absorbance and fluorescence intensities for adenovirus particles in each 

eluted portion were separately plotted against time of elution to provide two dimensional 
graphs containing absorbance or emission peaks. Integrated peak areas for absorbance, and 
for fluorescence intensity corresponding to each of the excitation and emission wavelength 
combinations used (i.e., 235 nm Ex : 330 nm Em, 284 nm Ex : 330 nm Em, and 284 nm Ex 
: 574 nm Em), were determined. Normalized values for each portion were determined by 
dividing the integrated area of the fluorescence peaks by the integrated area of the 
absorbance peaks. The results of these calculations are shown in Table 3. 



Table 3 - Normalized Fluorescence/ Absorbance Values for 
Adenoviral Vector Particles in Various Meduims 





Fluorescence 
Intensity Peak Area 
(Ex = 235 nm : Em 

-330nm)/ 
Absorbance Peak 
Area (260 nm) 


Fluorescence 
Intensity Peak 
Area (Ex = 284 
nm : Em — 330 
nm) / Absorbance 
Peak Area (260 
nm) 


Fluorescence 
Intensity Peak 
Area (Ex = 284 
nm : Em = 574 
nm) / Absorbance 
Peak Area (260 
nm) 


Crude cell lysate 


16.0 


22.3 


14.4 


AE-HPLC purified 
lysate 


16.0 


22.3 


20.5 


3x CsCl density- 
gradient purified 
lysate 


14.3 


20.2 


19.6 


AE-HPLC purified + 

lx CsCl density 
gradient purification 
(lower band) 


14.2 


19.5 


19.1 


AE-HPLC purified + 

lx CsCl density 
gradient purification 
(upper band) 


15.0 


21.1 


13.1 



[00149] The results of these experiments are significant in many respects. First, the 

normalized values in Table 3 are indicative of the relative sensitivity of the inventive 
method as compared to UV spectrophotometry-based absorbance analysis. Particularly, as 
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can be seen from the data set forth in Table 3, the fluorescence detection methods of the 
present invention are more sensitive than detection methods based on UV absorbance. 
[00150] Second, the results of these experiments demonstrate quantification of the 

number of adenovirus particles in a medium by the inventive method. For example, the 
lower band sample, which contained only a portion of the eluant obtained from the AE- 
HPLC purification step, exhibited significantly lower normalized values than crude cell 
lysate and AE-HPLC purified samples at the 330 nm emission wavelength. These lower 
normalized values reflect lower fluorescence intensity at the 330 nm emission wavelength 
emitting from the lower band sample, and, consequently, reflect a smaller number of viral 
particles in the lower band sample versus the crude cell lysate and AE-HPLC purified 
samples, as predicted. Thus, these results confirm that the present invention provides a 
method for relatively quantifying the number of viral vector particles in a medium by 
fluorescence detection. The consistent normalized values obtained at 330 nm emission 
wavelengths for the AE-HPLC purified sample and crude cell lysate sample indicate that 
nearly all of the particles were retained by the AE-HPLC purification technique and 
corroborate the ability of the inventive method to quantify the number of viral particles in 
the medium. 

[00151] Third, these results demonstrate the relative quantification of defective and 

empty viral vector particles in a medium by fluorescence detection. For example, as seen in 
Table 3, the crude cell lysate sample exhibited a significantly lower normalized value, and, 
thus, lower fluorescence intensity, at the 574 nm emission wavelength, than the AE-HPLC 
purified sample. The upper band sample exhibited an even more significant decrease in 
normalized value at the 574 nm emission wavelength as compared to the AE-HPLC purified 
sample. The decrease in fluorescence intensity at the 574 nm emission wavelength 
observed in the crude cell lysate and upper band samples versus the AE-HPLC purified 
sample corresponds to the higher number of defective and empty particles in these samples, 
as confirmed by mass spectrometry experiments. Similarly, the relatively higher 
fluorescence intensity at the 547 nm emission wavelength observed for the lower band 
sample versus the AE-HPLC purified sample corresponds to the lower number of defective 
and empty particles in this sample, as also confirmed by mass spectrometry experiments. 
[00152] Using fluorescent emissions at the 574 nm emission wavelength from the 

upper band as a standard signal, and by performing a linear regression analysis, the relative 
percentage of empty and defective particles in other samples was determined. For example, 
by performing such an analysis it was determined that the AE-HPLC sample contained 
about 11.5% of the number of empty and defective particles contained in the upper band 
sample. 
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[00153] The results of these experiments also confirm that the 330 nm emission 

wavelength is relative damage-insensitive for adenovirus particles and that the 574 nm 
emission wavelength is a damage-sensitive emission wavelength for adenovirus particles, 
which is associated with an intensity shift. The relative consistency of fluorescence 
intensity at the 330 nm emission wavelength for the various samples confirms that this 
wavelength is a relatively damage-insensitive wavelength. The relative variance of 
fluorescence intensity at the 574 nm emission wavelength between the various samples 
known to differ as to the quantity of damaged viral vector particles confirms that this 
wavelength is a damage-sensitive wavelength for adenovirus particles. Thus, the 
normalized value (or fluorescence intensity) observed at the 330 nm emission wavelength 
can be used to calculate the total number of particles, and the value obtained at the 574 nm 
emission wavelength can determine what proportion of those particles are damaged. 
[00154] This experiment demonstrates that the present inventive method can be used 

to quantify the number of viral vector particles in a medium and/or quantify the number of 
damaged (e.g., defective and empty) viral vector particles in a medium. 

Example 4 

[00155] This example demonstrates the separation and identification of the 

intrinsically fluorogenic components of adenovirus particles and the evaluation of the 
intrinsically fluorogenic adenoviral structural protein content of a medium. 
[00156] A first solution containing 1.9 x 10 9 intact wild-type serotype 5 adenovirus 

particles and a second solution containing 3.5 x 10 10 intact wild-type serotype 5 adenovirus 
particles were obtained using standard techniques. Each solution was subjected to C4 
reverse phase chromatography without disassociation of the adenovirus particles prior to 
contacting the reverse phase column with the solutions. The adenovirus particles were 
separated into their constituent molecules by contact with the reverse phase chromatography 
resin, and the separated compounds were eluted from the resin. The time of elution of the 
components was determined. 

[00157] After elution, the eluted portion of the second solution was subjected to UV 

spectrophotometry at 214 nm to identify the separated components of the adenovirus 
particles. The resulting absorbance was plotted on a graph against the time of elution of the 
components. Peak area was determined to identify the proportion of the total adenovirus 
protein content corresponding to each detected component. 

[00158] Similarly, after elution, the eluted portion of the first solution was subjected 

to excitation radiation having an excitation wavelength at 235 nm and fluorescent detection 
for emissions having an emission wavelength at 330 nm using the techniques described in 
Example 1 to determine which of the identified components were intrinsically fluorescent. 
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Fluorescence intensity was plotted on a graph against the time of elution of the fluorescent 
components. Peak area was determined to identify the proportion of the fluorescence 
intensity of each fluorogenic component to the combined fluorescence for all components, 
thereby enabling determination of the relative fluorescence of the intrinsically fluorogenic 
components. 

[00159] Significant absorbance peaks were observed for components eluted from the 

resin at about 9.5 minutes, 10 minutes, 10.5 minutes, 11.5 minutes, 12 minutes, 12.5 
minutes, 14 minutes, 15 minutes, 22 minutes, and 24 minutes. These peaks were correlated 
with fluorescence peaks observed for components eluted from the resin at about 2.5 
minutes, 12 minutes, 13.5 minutes, 15.5 minutes, 16 minutes, 18 minutes, 19 minutes, 26 
minutes, and 28 minutes. Other peaks were determined to be caused by defective or empty 
adenovirus particles or buffers in the solution and were not further analyzed. Correlation of 
the detected components was confirmed, and molecules identified, by enzymatic digestion 
and mass spectrometry analysis (including amino acid sequencing) of the eluted 
components for both solutions. 

[00160] By comparing the resulting absorbance and fluorescence spectrums, it was 

determined that the absorbance peak corresponding to the component eluted at 9.5 minutes 
was not represented by a corresponding peak in the fluorescence spectrum. By mass 
spectrometry analysis it was determined that this component consists of the N-terminal 
portion of the adenovirus major core protein (protein VII). In contrast, each of the other 
detected components were determined to fluoresce when contacted with excitation radiation 
at 235 mil. 

[00161] Comparisons were made between the areas of the absorbance peaks and the 

fluorescence peaks to determine the relative component content of the elution and its 
proportional contribution to the total fluorescence of the solution. By making such 
comparisons the fluorescent qualities of the components was relatively determined. For 
example, the adenovirus protein hexon, which eluted at 22 minutes in solution, was 
determined by its absorbance peak area to make up 52% of the total protein content of the 
adenovirus particles (consistent with published figures), whereas its fluorescent emission 
contribution was about 75% of the total detected fluorescence of the components. Thus, 
hexon was identified as a strong intrinsically fluorogenic adenoviral protein. Other 
intrinsically fluorogenic adenovirus structural proteins identified by these experiments 
include the adenovirus fiber and penton proteins. Similar emission patterns were seen in 
other experiments performed using excitation radiation having an excitation wavelength of 
284 nm and fluorescence detection at 330 nm. 

[00162] These results demonstrate that components of intrinsically fluorogenic 

portions of viral vector particles can be separated and evaluated by fluorescence detection. 
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Moreover, these results demonstrate that the adenoviral vector structural protein content of a 
medium can be determined by fluorescence detection. 

[00163] All references, including publications, patent applications, and patents, cited 

herein are hereby incorporated by reference to the same extent as if each reference were 
individually and specifically indicated to be incorporated by reference and were set forth in 
its entirety herein. 

[00164] The use of the terms "a" and "an" and "the" and similar referents in the 

context of describing the invention (especially in the context of the following claims) are to 
be construed to cover both the singular and the plural, unless otherwise indicated herein or 
clearly contradicted by context. Terms such as "including," "having," "comprising," 
"containing," and the like are to be construed as open-ended terms (i.e., meaning "including, 
but not limited to") unless otherwise indicated, and as encompassing the phrases "consisting 
of and "consisting essentially of." Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring individually to each separate value of 
the range, unless otherwise indicated herein, and each separate value is incorporated into the 
specification as if it were individually recited herein. All methods described herein can be 
performed in any suitable order unless otherwise indicated herein or otherwise clearly 
contradicted by context. The use of any and all examples, or exemplary language (e.g., 
"such as") provided herein, is intended merely to better illuminate the invention and does 
not pose a limitation on the scope of the invention unless otherwise claimed. No language 
in the specification should be construed as indicating any non-claimed element as essential 
to the practice of the invention. 

[00165] Preferred embodiments of this invention are described herein, including the 

best mode known to the inventors for carrying out the invention. Variations of those 
preferred embodiments may become apparent to those of ordinary skill in the art upon 
reading the foregoing description. The inventors expect skilled artisans to employ such 
variations as appropriate, and the inventors intend for the invention to be practiced 
otherwise than as specifically described herein. Accordingly, this invention includes all 
modifications and equivalents of the subject matter recited in the claims appended hereto as 
permitted by applicable law. Moreover, any combination of the above-described elements 
in all possible variations thereof is encompassed by the invention unless otherwise indicated 
herein or otherwise clearly contradicted by context. 
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WHAT IS CLAIMED IS: 

1 . A method of evaluating the viral vector particle content of a medium, the 
method comprising: 

(a) providing a medium, 

(b) contacting the medium with an excitation radiation having an excitation 
wavelength such that if a viral vector particle is in the medium an intrinsically fluorogenic 
peptide portion of the viral vector particle will emit radiation having an emission 
wavelength and intensity, and 

(c) detecting the emission wavelength and the intensity, 

(d) providing a standard signal, and 

(e) evaluating the viral vector particle content of the medium by comparing the 
emission wavelength and the intensity detected in step (c) with the standard signal. 

2. The method of claim 1, wherein the medium comprises at least one viral 
vector particle and the method further comprises quantifying the number of viral vector 
particles in the medium by comparing the emission wavelength and the intensity detected in 
step (c) with the standard signal provided in step (d). 

3. The method of claim 1 or claim 2, wherein if a structurally modified viral 
vector is in the medium the excitation energy will cause an intrinsically fluorogenic portion 
of the structurally modified viral vector particle to emit radiation having an emission 
wavelength and an intensity characteristic of a structurally modified viral vector particle. 

4. The method of any of claims 1-3, wherein the method comprises exciting 
electrons associated with the intrinsically fluorogenic portion of the viral vector particle and 
detecting the emission wavelength and, optionally, the emission intensity of the viral vector 
particle while substantially not detecting the emission wavelength, and, optionally, the 
emission intensity associated with any other fluorogenic molecules in the medium. 

5. The method of any of claims 1-4, wherein the viral vector particle is a non- 
enveloped viral vector particle having a diameter of at least about 40 nm, the medium is a 
cell culture, tissue culture, purified cell lysate, or a pharmaceutically acceptable compound. 

6. The method of any of claims 1-5, wherein the method further comprises 
quantifying the number of defective viral vector particles in the medium, the number of 
empty viral vector particles in the medium, or both. 
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7. The method of any of claims 1-6, wherein the medium is provided by 
contacting a chromatography resin with a composition comprising a viral vector particle and 
eluting a portion of the composition containing the viral vector particle from the 
chromatography resin such that the eluted portion is the medium. 

8. The method of any of claims 1-7, wherein the viral vector is a non-enveloped 
icosahedral viral vector particle having a triangulation number of at least 7. 

9. The method of claim 8, wherein the viral vector particle is an adenoviral 

vector. 

10. The method of any of claims 1-9, wherein the medium contains about 1 x 10 9 
viral vector particles/ml or less. 

1 1 . The method of claim 10, wherein the medium contains about 5 x 10 7 viral 
vector particles/ml or less. 

12. The method of any of claims 1-11, wherein the medium is a pharmaceutical 
composition comprising a stock of a viral gene transfer vector, and the method further 
comprises evaluating whether the pharmaceutical composition is suitable for administration. 

13. The method of claim 2, wherein providing the medium comprises: 

(i) contacting a composition with a chromatography resin, 

(ii) eluting a portion of the composition from the chromatography resin such that 
if a viral vector particle is in the composition it will elute form the chromatography resin at 
a known time, and 

(iii) obtaining the portion of the composition which will contain a viral vector 
particle, if present in the composition, to provide the medium. 

14. The method of any of claims 1-13, wherein the excitation radiation has an 
excitation wavelength of about 235 nm, about 284 nm, or both, and step (c) comprises 
detecting whether the medium emits radiation having an emission wavelength of about 330 
nm, about 574 nm, or both. 

15. The method of any of claims 1-14, wherein providing a medium comprises 
administering a first viral vector particle and a second viral vector particle to a medium, 
wherein the first viral vector particle, the second viral vector particle, or both, are 
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structurally modified viral vector particles. 

16. The method of claim 15, wherein the first viral vector particle has a first host 
cell tropicity and comprises a first heterologous nucleic acid sequence, and the second viral 
vector particle has a second host cell tropicity and comprises a second heterologous nucleic 
acid sequence, wherein the first and second host cell tropicities are different, the first and 
second heterologous nucleic acid sequences are different, or any combination thereof 

1 7 . The method of any of claims 1 -4 and 6-16, wherein the medium comprises a 
tissue isolated from, or located within, a mammalian host. 

18. A method of evaluating the intrinsically fluorogenic adenoviral structural 
protein content of a medium, the method comprising: 

(a) providing a medium, 

(b) contacting the medium with an excitation energy having an excitation 
wavelength, such that if an intrinsically fluorogenic adenoviral structural protein is in the 
medium it will emit radiation having an emission wavelength characteristic of an 
intrinsically fluorogenic adenoviral vector structural protein, and 

(c) evaluating the intrinsically fluorogenic adenoviral structural protein content 
of the medium by determining whether the medium emits radiation having an emission 
wavelength characteristic of an intrinsically fluorogenic adenoviral structural protein. 

19. A method of evaluating viral vector particle interactions, the method 
comprising: 

(a) providing a medium comprising a viral vector particle and possibly 
containing an interacting-molecule, 

(b) contacting the medium with an excitation energy, such that an intrinsically 
fluorogenic portion of the viral vector particle will emit radiation having a first emission 
wavelength and a first intensity if the viral vector particle does not interact with an 
interacting-molecule, and a second emission wavelength and second intensity if the viral 
vector particle interacts with an interacting-molecule, 

(d) detecting the emission wavelength and the intensity, and 

(e) evaluating the emission wavelength and intensity to determine whether the 
viral vector particle interacts with an interacting-molecule. 

20. The method of claim 19, wherein the viral vector particle interacts with an 
interacting-molecule. 
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